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PREFACE 



The International Library of Technology is the outgrowth 
of a large and increasing demand that has arisen for the 
Reference Libraries of the International Correspondence 
Schools on the part of those who are not students of the 
Schools. As the volumes composing this Library are all 
printed from the same plates used in printing the Reference 
Libraries above mentioned, a few words are necessary 
regarding the scope and purpose of the instruction imparted 
to the students of — and the class of students taught by — 
these Schools, in order to afford a clear understanding of 
their salient find unique features. 

The only requirement for admission to any of the courses 
offered by the International Correspondence Schools, is that 
the applicant shall be able to read the English language and 
to write it sufficiently well to make his written answers to 
the questions asked liim*intelligiblG.. Each course is com- 
plete in itself, and iiD. textbGpks ace/required other than 
those prepared by the &cho«ls for. t-he particular course 
selected. The students thtniseises- are from every class, 
trade, and profession atid' iruttj every' country ; they are, 
almost without exceptiorr, busily engag&d in some vocation, 
and can spare but little time for study, and that usually 
outside of their regular working hours. The information 
desired is such as can be immediately applied in practice, so 
' that the student may he enabled to exchange his present 
vocation for a more cougenial one, or to rise to a higher level 
in the one he now pursues. Furthermore, he wishes to 
obtain a good working knowledge of the subjects treated in 
the shortest time and in the most direct manner possible. 




IV PREFACE 

In meeting these requirements, we have produced a set oi 
t^KilcH that in many respects, and particularly in the genera^ 
plan fpl lowed, are absolutely unique. In the majority ^ 
subjects treated the knowledge of mathematics required ^^ 
limited to the simplest principles of arithmetic and mens*--^" 
ration, and in no case is any greater knowledge of math^^" 
matics needed than the simplest elementary principles C^ 
algebra, geometry, and trigonometry, with a thorougl^^ 
practical acquaintance with the use of the logarithmic table^=^ 
To effect this result, derivations of rules and formulas ar^^ 
omitted, but thorough and complete instructions are givei^ 
regarding how, when, and under what circumstances any 
particular rule, formula, or process should be applied; and 
whenever possible one or more examples, such as would be 
likely to arise in actual practice — together with their solu- 
tions — are given to illustrate and explain its application. 

In preparing these textbooks, it has been our constant 
endeavor to view the matter from the student's standpoint, 
and to try and anticipate everything that would cause him 
trouble. The utmost pains have been taken to avoid and 
correct any and all ambiguous expressions — both those due 
to faulty rhetoric and those due to insufficiency of statement 
or explanation. As the best way to make a statement, 
explanation, or description clear is to give a picture or a 
diagram in connection. wiXhvt, iihistrations have been used 
almost without* liWit-' The** illustrations have in all cases 
been adapted to the*»j'equi{'amdal« of the text, and projec- 
tions and sections or oiit4ihc^*^rtially shaded, or full-shaded 
perspectives have*t^fe*Q ,US«3;>'**^c;cording to which will best 
produce the desired* results.* ^ Half-tones have been used 
rather sparingly, except in those cases where the general 
effect is desired rather than the actual details. 

It is obvious that books prepared along the lines men- 
tioned must not only be clear and concise beyond anything 
heretofore attempted, but they must also possess unequaled 
value for reference purposes. They not only give the maxi- 
mum of information in a minimum space, but this infor- 
mation is so ingeniously arranged and correlated, and the 
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indexes are so full and complete, that it can at once be 
made available to the reader. The numerous examples and 
explanatory remarks, together with the absence of long 
demonstrations and abstruse mathematical calculations, are 
of great assistance in helping one select the proper for- 
mula, method, or process and in teaching him how and 
■when it should be used. 

This volume contains papers on the subjects of rock 
boring, rock drilling, explosives and blasting, coal-cut- 
ting machinery, timbering, timber trees, and trackwork, 
and will be of service to prospectors and contractors for 
boring deep wells, shaft and slope sinkers, quarrymen, 
entry drivers, miners, machine runners and helpers, timber- 
men, trackmen, blacksmiths, mine machinists, manufacturers 
of mine machinery, blasting powder, and caps. The subjects 
are each treated in a manner to show its particular applica- 
tion to the work of mining. Many practical points are 
explained that cannot but prove of great value to all 
engaged in the work of mining coal or quarrying rock. 

The method of numbering the pages, cuts, articles, etc. is 
such that each subject or part, when the subject is divided 
into two or more parts, is complete in itself; hence, in order 
to make the index intelligible, it was necessary to give each 
subject or part a number. This number is placed at the top 
of each page, on the headline, opposite the page number; 
and to distinguish it from the page number it is preceded by 
the printer's section mark (§). Consequently, a reference 
such as § 16, page 26, will be readily found by looking along 
the inside edges of the headlines until § 16 is found, and 
then through § 16 until page 26 is found. 

International Textbook Company 
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diamond, §34, p40. 

diamond, Advantages of, §34, p78. 

diamond. Boring with, §34, p47. 

diamond. Electric, §34, p62. 

diamond. Hand-power, §34, p61. 

Electric auger, §35, p54. 

Flexible-shaft electric, §35, p46. 

-hole angle, Influence of, §34, p73. 

holes. Arrangement of, §36, p63. 

holes. Charging, §36, p39. 



Drill— (Continued) 

holes. Cleaning. §36. pl2. 

mountings. Power, §35, p29. 

power. Rotary, §36, p63. 

Ratchet. §36. p22. 

Relation of weight to hammer, §35, piOL 

rig. American, §34, pi. 

rig, American, Modification of, §34. 

rig,The, §34,ppl. 12. 

-rod machine. Hollow, §34, p40. 

ropes, §34, p26. 

Setting up. on column or bar, §35, 

Setting up, on tripod, §36, p37. 

sets, §35, p36. 

Solenoid electric, §36, p43. 

Starting the. §36. p39. 

steel, §35, p66. 

steel. Specification for, §36, p64. 

The chum, §36, p6. 

The hammer, §36. p7. 

tripods. §35, p29. 

Weight of. §35, p65. 
Drilling and blasting. Square-cut, §36, 

by hand. Cost of. §36, pl3. 

Cost of, §34. p74. 

Diamond. §34. pQS, 

Hand, §35, pi. 

in soft or soluble materials, §34, p77. 

machine. Keystone, §34, p36. 

machines. Portable, §34, p30. 

operation, §34, p52, 

pit, §34, p64. 

Power, §35, pi. 

Rate of. §34, p74. 

records, §34, p71. 

stuface. Preparation for, §34, p68. 

system, Cyclone, §34, p38. 

tools, §34, pl3. 
Drills, Chum, §35, p2. 

Construction of, §36, p26. 

Electric. §35, p42. 

Grip. §35, p21. 

Hammer. §35, p2. 

hand. Clearance given, §35, X)2. 

hand, Percussive. §35, p2. 

machine. Use of, §35, p37. 

Marvin, Specifications for, §35, p46. 

Percussive. §35, pi. 

Portable, §34, p61. 

Post, §35. pl6. 

Power, §35, p24. 

Power percussive, §35, p25. 

Rotary, §35, pi. 

rotary. Hand. §35, pl3. 

sets. §35. p5. 

Size of shank of, §35. p64. 

Steam and compressed-air, §36, p26. 
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Endborer, (35, plB. 
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of cavity, (36, p53. I^^H 


Sveiireeni. Hfl. p3. 


Fnrms of iron. Conunercial. (35. p55. 1 


SManve us of pcmrdei, Dangen from, (36, 
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Free face, §36, p09. 

laces, Effect of, in rock blasting, §36. 
p59. 
Friction, Side, §34. p67. 
Frog angle, §48. p37. 

Definition of, §48, p36. 

distance. §48, p34. 

number. §48, p38. 

Point of, §48, p34. 
Frogs. Kinds of. §48, p37. 
Fulminates. §36. p34. 
Fuse and cap firing, §36, p42. 

Care of. §36, p33. 

Cotton. §36. p32. 

Hemp, §36. p32. 

Lighting. §36. p50. 

Single-tape. §36, p32. 
Fvises, §36. p32. 

Detonating. §36, p33. 

Double-tape, §36. p32. 

Electric, §36. p38. 

Ouick-btiming, §36. p33. 

Safety, §36, p32. 

Waterproof, §36, p32. 
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Gaseous products. Voltmie of, §36. p2. 
Gauge of mine tracks, §48. p7. 

on curves, §48, p30. 

Width of, §48, p7. 
Gelatine. Blasting, §36, p24. 

dynamites, §36, p2i. 

indicator, §34, p85. 
Gelignite, §36, p25. 
General principles of machine coal cutting, 

§45. pi. 
Getting chain machine to mine, §45, p40. 
Good mine tracks. Advantage of, §48. pi. 
Goodman chain machine. §45, p35. 

machine, §45, pl7. 
Grab, Sphere, §34, p26. 
Grabs, Rope, §34, p26. 
Grade crossings, §48, p46. 

Reduction of, on curve, §48, p33. 
Grades, Determination of, §48, p7. 

for mine roads, §48, p5. 
Gradients, Methods of expressing, §48, p6. 
Grasshoppers. §34, p>34. 
Gravity, Specific, §36, p7. 
Green ash, §47. p9. 
Grip drills, §35. p21. 
Grotmd plan of derrick, §34. p5. 

testing devices, §34, p36. 
Guard-rails, §48. p45. 
Gum tree, §47, pi I. 
Guncotton, §36, p23. 
Gtmjpowder, §36, p5. 



Gunpowder — (Continued) 
Storage of. §36. plO. 
Tests of. §36, pO. 



Hackberry, §47, pl2. 
Hackmatack. §47, p4. 
Hammer drill, The. §35, p7. 

drills, §35, p2. 

Relation of weight to drill, §35, plO. 

Using the. §35, plO. 
Hand augers, §34. p87. 

boring tools, §34, p87. 

drill. Clearance given. §35. p2. 

drilling, §35. ppl, 2. 

drilling. Cost of, §35. pl3. 

drills. Percussive, §35, p2. 

machine drills', §35, pl5. 

power diamond drill, §34, p61. 

rotary drills, §35, pl3. 
Handli n g and operating chain machines, §4fi^ 
p40. 

black powder, §36, plO. 

explosives. Safety in, §36, p28. 
Hard pine, §47. p6. 
Hardwoods. §47. p8. 
Harrison mining machine, §45. p57. 
Hawser-laid cable. §34, p25. 
Head-rod, §48. p42. 
Header. The Stanley, §45, p50. 
Heading, Side cut, §36, p68. 
Heart wood, §46, p3. 
Heat colors, §34, p20. 

colors of steel, §35, p58. 
Heated iron. Temperature of, §35, p57. 
Helper, Duties of, §45, pp49. 75. 
Hemlock. §47. p4. 
Hemp fuse. §36. p32. 
Herzler & Henninger machine. §45. p66L 
Hickory, §47, pl2. 

elm, §47, pll. 
High explosives, §36, pi 2. 

explosives. Tamping for, §36, i)49. 
Holes, bore. Reaming, §34, p27. 

Casing, §34, p28. 

Diameter of, §36, p50. 
Honey locust, §47. pl3. 
Hollow drill-rod machine, §34. p40. 
Horse chestnut, §47, plO. 

-shoe rope knife, §34, p26. 
Hydraulic feed, §34, p57. 

feed. Double-cylinder, §34, p59. 



Illinois nut, §47, pl3. 

Inactive base. Dynamite with, §36, pl4. 

Inclined holes with one free face, §36, p59. 
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switches. 148. Ii47. ^^^H 
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Lifter. Core. (34. pBS. 


Initial f«ns of explosive. (36, p3. 


Lighting the fuse, (3B. pSO. 


iMcribed-JSquare rule. 648. pl3. 


Limitinit angle of resistance. (46, p54. 
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leattd. Temperature of. (36, p67. 
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Lining the .rack. (48, pZ2. 
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Uquidambar. (47. pl2. 


Uveoak, (47, pl7, 


Jatk-sh.ft. (35. p47. 


Load. Ai:tion of. (4b, pig. 


J«*s. Pumping. (34. p34. 


on room timbers, (46. pZQ. ^^M 


Setting. (46, p40. 


Loading chain machine on track, 14S, pU. ^^^| 


Jeffrey diiin machine, (45. pll. 


dyumite. (36. p47. ^^H 


wmprfsKd-air lonR-wall machine. 145, p32. 


Loblolly pine, (47, pU. ^^^M 


declric lone-wall machme. (45. p31. 


Location of primer, {3S, p48. ^^H 


rrni crew, |«, pm. 


Locust. (47, nO. ^^H 


JoinipE diffctenl rail sections. (48. pl5. 
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Long-leaved pine, (47. p(l. ^^H 


™>bef , (46. p56. 


-wall machine. Jeffrey electric. (46, p31. ^^H 


, T™=1<, 148, pl4. 


-waU machine, Lee. (45. p35. 1 


J^Po,.der,jae,pS. 


-wall machine. Morgan-Gardner. (46, p3S 1 


J*"i«!. (35, pa. 


-wall machine. Operation of, (4fl, pM. 1 
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-wall machine. Sullivan, (45. p40. J 
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■wall work. Pick machine for. (45. p70. ^^^| 


Thirtni, 136. pM. 


Longest timber used in mine. (46. p70. ^^^H 






S«niQW drilUng machine. (34. p30. 


Loose diamonds, Fishing for, 134. p52. ^^H 




Lost bits. Recovering. (34, pGS. ^^^H 
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Low explusives. (36. p5. ^^^H 


''™'iJfrogs. (48, p37. 


Lowering timbers down a shaft, (46, p56. ^^^| 


K*,HMseshoerope,[34.p2a. 


timbers down a slope. (46, pa9. ^^H 


Therape.134, pSa. 


Lyddite. (36, p26. ^^M 


Labor. Divisim of. |4fi.p4B. 


IfaChine, Capacity of chain shearing, (46, p31 ^^H 


UnJ.,i47,p*. 


Chain, |4S. pp6. 6. ^H 


tHelH. (48, p34. 


Chain breast. (45, p5. ■ 


lam, Powder. (36. pll. 


Chain shearing, (46. p2S. j 


LA^m a eroBS-DVer smtch. (48. pBO. 




« room or ride-entry switch. MB. p53. 


coal-cutting. Principles of, (46. pL 4 


a tnniout, Precautions donceming, (48, pSS. 


drills, Hand. (35, pl5. ^^J 


a tnmoul switch, (48. p52. 


drills. Use of, (37. p37. ^^M 


oot curves. (48, p2e. 
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Marninc (CootlfluccI/ 

Goodman, |46, pl7. 

HaiTMon mininff. f 46, s>87. 

HerHtr ft Henninger, f 46, p66. 

Jeffrey electric long-wall, f 46, p31. 

Keystone drilling, 134, p36. 

Lee long-waU, §46. p36. 

long-wan. Operation of, §46, p60. 

Moxgan-Gardner chain, §46, pl7. 

Morgan-Gardner long-waU, §46, p38. 

Pick. §46, p6. ~ 

runner. Duties of, §46, p47. . 

speed. Changes in, §34, p6d. 

Sullivan long-wall, §46, p40. 

Sullivan pick, §46, p61. 

troubles, §46, p47. 

Undercutting pick, §46, p52. 

Yoch, §46. pfl6. 
Machines. Capacity of long-waU, §46, p40. 

Chain, §46, p36. 

Chain coal-cutting, §46, pll. 

Chain undercutting, §46, pll. 

coal-cutting, Classification of. §46. pll. 

coal-cutting. Wiring for, §46, p9. 

Conditions adverse to, §46, p2. 

Conditions favoring use of. §46, p2. 

Cutter-bar, §46. pp6, 36. 

Disk. §46. pp5. 31. 

Effect of mining rate on, §46, p3. 

for thin veins, §46, p24. 

Hollow drill-rod, §34, p40. 

Long-wall, §46, p31. 

Merits of different t3rpes of, §46, 1)6. 

Pick, §46, p3. 

Pick mining, §46. p52. 

Portable drilling, §34, p30. 

Tjrpes of coal-cutting, §46, p3. 
Main-entry tracks. §48, p3. 
Management of pick machine, §46, p70. 
Maple, §47, pi 4. 

Marvin drills. Specifications for, §36, p46b 
Matil, §48. pl8. 

oak. §47, pl7. 
Maximum force of a blast, §36. p66. 
Means of firing explosives, §36, p31. 
Measuring timber, §46, pll. 
Mechanical work, §36, p4. 
Medullary or pith rays, §46, i>4. 
Method of designating curves, §48, p24. 

of working. Effect of, on type of machine, 
§46, p7. 
Methods adapted to soft materials, '§34, p77. 

adapted to soluble materials, §34, p77. 

of drawing timber, §46, p54. 

of expressing gradients, §48, p6. 

of timbering, §46, p37. 
Mine curves. Sharpness of, §48, p28. 
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road. Direction of, §48, p2. 

roads. Curves on, §48, p23. 

loads. Grades for, §48, p6. 

■witches, §48, p33. 

Taking timber into, §46. p66. 

timber, Durability of, §46. p8. 

timber. Longest used, §46, p70. 

timber. Size of. §46, pl3. 

timber. Specifications for, §46, pl2 

timbers. Properties of, §46, pi. 

track. Difference in, §48, p2. 

tracks. Gauge of, §48, p7. 
Mines. Timbers used in, §46, p2. 
Mining explosives, §36, pi. 

explosives. Requirements of, §36, p28 

machine, Harrison, §46, i>57. 

machines, Pick, §46, p52. 

rate. Effect of, on machines, §45, p3. 
Mixttires. Chlorate §36. pl2. 
Mockemut hickory. §47, pl3. 
Modifications of the American drill rig 

p36. 
Modulus of elasticity. §46. p20. 
Molesworth's rule, §46, pl6 
Moment of inertia, §46, p23. 
Moose elm, §47, pll. 
Morgan-Gardner long-wall machine, §4£ 

-Gardner chain machine, §45, pl7. 
Mossy-cup oak, §47, pl6. 
Motor, The. §45, pi 5. 
Mountings, Power drill, §35, p29. 
Mulberry, §47, pl4. 

N 

Needle, §36, p39. 

Neutral axis, §46, pl9. 

Nitrocotton, §36, p23. 

Nitroglycerine, §36, pi 2. 

Norway pine. §47, p7. 

Number of diamonds in bits, §34, p48. 

of ties. §48, pll. 
Nuts. Fish-plate, §48, pl6. 

O 

Oak, §47, pl5. 

Object of drilling records, §34, pTl. ' 
Obstructions to cutting, §46, p46. 
Oil, Tempering in, §35, p62. 

-well engine, §34, pl2. 
Operating chain machine, §45, p44. 

pick machine. §45, p71. 
Operation of boring. §34, p3. 

of chain shearing machine. §45, p49. 

of cyclone drilling system, §34, p39. 

of drilling. §34. p52. 

of long-wall machine. §45, p50, 

oi switches, §48, p39. 
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Mtcr rail. EleratiQQ <•!. on curve. («. p31. 


Dangrrs from excessive use ot. |36, pSl- 




h-e.-cup oak. (47. pl6. 




Judsun. (38, p8. 
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Pimden. Safety. 138. p8. 




PacVers, JM. p33. 




Spedal. 13S. p8. 
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Power-drill bit*. 13S. p35. 
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drill, Weight of, (35. p41. 




Peremave drills. (3S, pi. 




drilling. (35, pi. 
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drills, 135, p24. 




Wd drills. 136. pa. 




drills. RQUry. (35, p58. 
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'"Mliiiie.OperationQf, 145, 


p71. 


of roclt blasting. (36, p56. 
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Split. 140. p37. 
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Tapered, H8, p40. 
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Prospecting for coal. [34. p37. 
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Sand-pump. (34. pia. 
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Pump. The sand, 134. p24. 
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Pumping. 134. p30. 
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powers, 134, p33. 
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fittings, S48. pll. 

sections. Joining, §48, pl5. 
Railroad spikes, §48, ppl6, 19. 
Rails and rail fittings, §48, pll. 

Bending and straightening, §48, p20. 

Cost of, §48, pl3. 

curving, Middle ordinate for, §48, p20. 

of a curve. Difference in length of, §48, p20. 

Spiking, §48. p20. 

Table of weights and dimensions, §48, pi 2. 

Weight of, §48. pll. 
Ratchet drills, §35, p22. 
Rate of drilling, §34. p74. 
Rays, Medullary or pith, §40, p4. 
Reaming, §34, p68. 

bore holes, §34, p27. 
Records, Drilling, §34, p71. 
Recovering lost bits, §34, p60. 
Red ash, §47, p9. 

birch. §47. plO. 

cedar, §47, p2. 

elm, §47, pll. 

fir, §47, p3. 

gum, §47, pl2. 

maple, §47, pl4. 

oak, §47, pl6. 
Reduction of grade on curve, §48, p33. 

of logs to square timber, §46, pl3. 
Redwood, §47, p2. 
Reel and cable, §45, p24. 

Sand, §34, plO. 
Relation of diameter of beam to its strength, 
§46. p34. 

of diameter of hole to line of least resistance. 
§36. p61. 

of diameter of holes to length of charge. 
§36, p41. 

of length of span to strength of beam, §46, 
p34. 

of velocity to force of blow, §35, pll. 

of weight of hammer to drill, §35, plO. 
Relative strength of round and square beams, 

§46. p33. 
Removal of bark from timber, §46, pll. 
Requirements of a mining explosive, §36. p28. 
Resistance, Limiting angle of, §46, p54. 
Rib cut, §45. p45. 
Rig, American drill, §34, pi . 

American drill. Modification of, §34, p36. 

The carpenter's, §34, p4. 

The drill. §34, ppl, 12. 
Rise, Vertical, §34, p82. 
River birch, §47, plO. 
Rock blasting. Effect of free faces in, §36. p59. 

blasting, Principles of, §36, p56. 

elm, §47, pll. 
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Structure and texture of, f 36, p57. 
Rocks, Elasticity of, §36, p58. 

Porosity of, §36, p58. 
Rods and pipe, Ptdling up, §34, p65. 

Parting of, §34. p67. 

Shackle, §34, p34. 
Roof material, Arching of, §46, p28. 

testing, §46, pI3. 
Roofs. Slips in, §46, p43. 
Room switch. Laying a, §48. p53. 

switches, §48, p42. 

timbers. Load on, §46, p28. 

tracks. §48, p4. 
Rope grabs, §34, p26. 

knife, §34, p26. 

knife. Horseshoe, §34, p28. 

knots, §46, p57. 

socket, §34, pi 4. 
Ropes, Drill, §34, p25. 
Rotary bore, Davis calyx, §34, p40. 

drills, §35, pi. 

drills. Hand, §35, pl3. 

power drills, §35, p53. 

system. Chapman, §34, p40. 
Rotating device, Calyx, §34, p42. 
Round and s<juare beams. Relative str& 

of. §46, p33. 
Rule, Inscribed -s<iuare, §46. pl3. 

Molesworth's. §46. pl6. 

Ouarter-girth, §46. pi 5. 

Two-thirds, §46. pl5. 
Runner, Duties of. §45. pp49, 76. 

S 

Safe load, §46, pl8. 

Safety after firing, §36, p31. 

Factor of, §46, plS. 

fuses. §36. p32. 

in firing explosives, §36, p29. 

of explosives. §36, p28. 

powders, §36, i)8. 
Sand-pump pulley, §34, pl2. 

pump. The, §34, p24. 

pump. Vacuum, §34, p25. 

reel. §34, plO. 
Sap wood. §40. p3. 
Scarlet oak, §47. pl6. 
Scraper, §35, pl2. 
Screw, Temi)er, §34, pl7. 
Scams, flat, Timbering, §46, p37. 

flat, Two-stick timbering in, §46, p49. 

inclined, Twostick timbering in. §46, 
>• inclined. Single-stick timbering in, §46, 
Seasunin^ wood, §46, p.'). 
Setting bits, §45, p41. 

diamonds in the bit, §34, p49. 
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Set&jg— (Contanued) 
lacks. §45, p46. 
up drill on a tripod, §35, i>37. 

up drill on coltimn bcu*. §35, pSS. 
Shackle rods. §34. i>34. 
Shaftbars. §35. pSa. 

Lowering timbers down, §46, p56. 

sinking, Blasting in. §36, p70. 
Shafts, Jack, §35. p47. 
Shagbark hickory, §47, pl2. 
Shank of driU, Size of, §35, p64. 
Sharpening the tools, §34, pl8. 
Sharpness of mine ctirves. §48, p23. 
Shearing. §46, pl9. 

machine, Chain, §45. p28. 

machine, Sullivan direct-acting, §45, p67. 

pole. Pick machines for, §45, p67. 
Shell, Core. §34, p53. 
Shellbark hickory, §47, pl2. 
Shooting wells, §34, p35. 
Short-leaved pine, §47, p6. 
Shot holes, Tamping, §36, p49. 
Shrinkage of wood, §46, p7. 
Side borer, §35, pl9. 

cut in heading, §36, p68. 

•entry switch, Laying a, §48. p63. 

friction, §34, p67. 
Silvermaple. §47. pl4. 
Single-hammer work, §35, p2. 

•hand work, §35, p8. 

or double tracks, §48, p2. 

•stick timbering, §46, p37. 

•^ck timbering in inclined seams, §46, p47. 

•tape fuse, §36, p32. 
Smker bar, §34, pl4. 
*^ of dynamite cartridges, §36. p23. 

of mine timber. §46. pl3. 

°fpole,§34,p73. 

of shank drill, §35, p64. 
««<is. The placing of. §45, p45. 
^PPery elm, §47. pll. 
^Ps w the roof, §46, p43. 
^. Lowering timbers down, §46. p69. 
S^ket, Rope. §34. pl4. 
^t maple, 547, pl4. 

"^terials. Methods adapted to. §34. p77. 

^ soluble materials. Drilling in, §34, p77. 
Puie, §47^ p5^ 

^°fj«W. §35,*p63. 

?T^oid electric drills. §35, p43. 

'^^^^ materials, DriUing in. §34. p77. 

J^terials, Methods adapted to, §34, p77. 

r^.^mi tree, §47, pll. 

^^ ties. §48. plO. 

^^. Relation of length to strength of beam, 

« I^.P34. 

^*^ <*k. §47. pl6. 



Special powders. §36. p8. 
Specific gravity. §36. p7. 
Specification for drill steel. §35, p^ 
Specifications for derrick, §34, p7. 

for Marvin drills, §35. p46. 

for mine timber, §46. pl2. 

Power drill. §35. p40. 
Speed and acciiracy. §34, p72. 
Spear grab, §34, p26. 
Spiking hammer, §48. pl8. 

rails. §48. p20. 
Spikes. Railroad. §48, ppl6. 19. 
Split props, §46. p37. 

switches, §48. p36. 
Spool valve. §35. p27. 
Sprengel explosives, §36, p26. 
Spring-pole boring, §34, p89. 

wood. §46, p4. 
Spruce. §47, p7. 
Spudding, §34. p22. 

Square and round beams. Relative strength 
of, §46, p33. 

-cut drilling and blasting, §36, p66. 

timber. Reducing logs to, §46, pl3. 
Squibs. §36, p33. 

Stand pipe or conductor, §34, p21. 
Stanley header, §45, pp5, 50. 

header. Capacity of, §45, p51. 
Starting the drill, §35. p39. 
Steam and air connections, §35, p34. 

and compressed-air drills, §35, p25. 

drills. Care of, §35, p39. 
Steel, Drill, §35, p55. 

drill. Specifications for. §35. p64. 

Heat colors of, §35, p.'>8. 

Tempering, §35. p58. 

Tempering and dressing. §35. p55. 
Stem. Auger or drill, §.34. pl5. 
Storage of guhpowdor. §36. plO. 
Storing dynamite. §36, p21. 

timber. §46. p8. 
Straightening rails, §48. p20. 
Strap fish-plates, §48, pi 4. 
Strata. Dipping, §34. p78. 
Strength of beam. Relation of, to its diameter. 
§46. p34. 

of beam, Relation of, to length of span, §46, 
p34. 

of beams. §46, p31. 

of detonator. §36. p37. 

of timber, §46. ppl8, 26. 

Relative, of round and square beams. i4f) 
p33. 
Stress. §46. pl8. 
Stringing the to^-^ls. §34. p23. 
Structure of rock. §36, p57. 

oi wood, §46. p3. 
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^oU-KMi ^fey.tfk cfuun iDAchine, f 46, p20. 
ir,4ur'*^ mikf:hisie, f45, p40. 

l<i<jr suv^fvtr.*, HA, p61. 
!6ii&H3¥;f firffclU. Hft, p7, 
^mim^r ir^xyf, §46, p4. 
^vC^^J»4( tiiwfc c/i«l web, 146, p46. 

tiiitf ^^/fAir ^t^w/wi-driU boles, §84, p84. 
.^«^>«, tM, pi 2, 
i»»*rtvp ^rfftk/yfy, 147, pl3. 

sftApfc. |47, pl4, 

^plM4Ml'» "Hkk* 147, pl6. 

»$!4I!a ''Afe, 147, pl6. 
Ibw^kuA itm$ ir«;, f 47, pi 2. 

V^jmn, jM7, pl3, 
l^w^dSjif^ Kf'/ur*^, Timbering, §46, p62. 
^jrt/i^, Atti/fM^ikt §48, pal. 

-l/wJ hUrk/JT/, 147, pl3. 

(Ui'.iiilAii^yn />r, f 4H, p47. 

4M;/^/n4, f4M, pM, 

iMytfttc « cfffHif^fver, §48. p49. 

/^>»/wif <i turri^/ut, §48, p62. 

I>t*i/J 'yf, §48, p»4. 

L^uiCtU 'A, {48, pa6. 

l*rv«rf», §48, pJW. 

J'Mnt '//. §48, j/34. 

P'/iniw, §48, p»4, 

f*il, §48, pa4, 

mi\, I><;ni{th //f, §48, p40. 

-T'A, §48, j>42. 

Tt*f'yw of, §48, i/M. 
Hwiu^i/:*, Laying, §48, p47. 

Mine, §48, (i33. 

()\tt:rstivm of. §48, p39. 

K'x/m, §48, p42. 

Hplit, §48, paa. 

Stub, §48, pa9. 
HycsLtnorCt §47, pl8. 



Tabic of approximate weights of kiln-dried 

woods, §46, p6. 
of degree and radius of curvature, §48, p25. 
of formulas for calculating switches, §48, 

p48. 
of number of ties, §48, pll. 
of timber ratios, §46, p28. 
of railroad spikes, §48, pl9. 
of rails, joints, fish-plates, bolts, and nuts, 

§48, pl7. 
of strength of timber, §46, p26. 
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of track bolts. §48. pl8. 

of values of switch parts for differec 
numbers, §48, p50. 

of weights and dimensions ol Americ 
sections. §48, pi 2. 

Rail -elevation, §48, p32. 
Taking chain machine into mine, §45, 

timber into a mine, §46, i>56. 
Tamarack, §47, p4. 
Tamping bar, §36, p39. 

for high explosives, §36, p49. 

shot holes. §36. p49. 
Tapered props, §46, p40. 
Tappet valve, §35, p27. 
Taps, Wooden fishing, §34, p71. 
Temper screw, §34, pl7. 
Temperature of heated iron, §35, p67. 

Theoretical, §36, p2. 
Tempering, §35, p61. 

and dressing steel. §35. p55. 

bits, §34, p20. 

color, §34, p20. 

in oil, §35, p62. 

steel. §35, p58. 

water, §34, p21. 
Tensile strength, §46, p21. 
Testing device. Ground. §34, p36. 

the roof, §46, p43. 
Tests of gunpowder and blasting i)owde 

p9. 
Texture of rock. §36, p57. 
Thawing dynamite, §36, pl9. 

kettles, §36, p20. 
Theoretical temperature, §36, p2. 
Thin veins. Machines for, §45, p24. 
Three-hand work, §35, p9. 

-stick timbering, §46, p54. 

-thomed acacia, §47, pl3. 
Throw of a switch. §48, p35. 
Throwing broken rock from face, §36, 
Thrust indicators. §34, p56. 
Ties. §48, p9. 

Laying, §48, p9. 

Number of, §48. pll. 

Spacing, §48, plO. 
Timber, Cost of. §46, pl2. 

Cubical contents of, §46, pl5. 

diseases, §46, p9. 

Drawing, §46, p53. 

Elasticity of, §46, pl9. 

joints, §46, p56. 

Longest, used in mine. §46, p70. 

measurements, §46. pll. 

Methods of drawing, §46, p54. 

mine. Durability of, §46, p8. 

mine, Size of, §46, pl3. 
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Ms. !«, p54. 


Deciduous. 146, p3; {47. pS. ^^^H 




Kts. Pladng. H9. p55. 


Perennial. 146, p3. ^^^M 




■kip. Bfllanwd, 1«. p69. 
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Water— (Continued) 

Tempering, §34, p21. 
Waterproof fuses, §36, p32. 
Weight of charge of explosive, §36, p43. 

of driU. §35, p65. 

of kiln-dried woods. Approximate, §46, p6. 

of power drill, §35, p41. 

of rails, §48. pll. 

of wood, §46, p5. 
Wells, Shooting, §34, p35. 
Western yellow pine, §47, p6. 
Wet holes, §35, pl2. 
Wheel, Band, §34. p8. 

Bull, §34, p9. 
White ash, §47. p9. 

cedar, §47, p2. 

elm, §47, pll. 

fir. §47, p3. 

oak, §47. pl5. 

pine, §47, p5. 

spruce, §47, p7. 

walnut, §47, pl9. 
Willow oak, §47. pl6. 
Winged elm, §47. pll. 
Wires, Connecting, §36, p52. 
Wiring for coal-cutting machines, §45, pS. 



Wood, kiln-dried, Apprcndmate weight oi 
§46. p6. 

Seasoning. §46. i>5. 

Shrinkage of, §46. p7. 

Structtip of. §46, p3. 

Weight of, §46, p5. 
Wooden fishing taps, §34, p71. 

tracks. §48. p4. 
Woods. Conifer, §47, pi. 
Work. Double-hammer, §35, pp2, 9. 

Double-hand, §35, p9. 

Mechanical. §36. p4. 

Single-hammer. §35, p2. 

Single-hand. §35, p8. 

Three-hand. §35. pO. 
Working barrel. §34, p31. 

load. §46. pl8. 

parts. §34. i>8. 
Wrenches, §34, pl7. 



Yellow birch, §47, plO. 

locust, §47. pl3. 

oak. §47, pl6. 

pine, §47. p6. 
Yoch machine, §45, p65. 



ROCK BORING 



THE AMERICAN DRILL RIG 



rNTRODUCTION 

1. Historical. — The first well drilled for the express 
purpose of obtaining oil was sunk near Titusville, Pennsyl- 
vania, by Col. E. L. Drake, in 1859. Since that time prob- 
ably 200,000 wells have been sunk in the United States by 
what is known. as the American drill rig. At first it was a 
very tedious and expensive operation to drill a deep bore 
hole, but now it can be sunk 2,000 feet at a tenth of the 
cost, in about one-tenth the time, provided the drillers under- 
stand their business. The modern operation is an adapta- 
tion of steam power to the method practiced for ages in 
China. The principle is that of percussive boring; free- 
falling tools suspended by a cable and raised by steam power 
are used, the weight of the tools being so great as to give 
blows of sufficient force to pierce the hardest rock. 

3. The Drill Rig. — A general idea of the American 

drill rig and its operation can be obtained from Fig. 1, 
which shows an elevation and plan. Derricks are usually 
constructed of wood, but Fig. 1 shows one made of steel. 
In the elevation, there is shown a rope /K partially wound 
on a reel B^ from which it passes up over a pulley at the top 
of the derrick and then down to the center of the derrick 
floor, where the hole to be drilled is situated. Here, during 
drilling operations, the rope is fastened to a temper screw S 

§34 
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ROCK BORING 8 

by clamps, but its end is attached to a 
rope socket, that, in turn, carries the 
tools shown in Fig. 2 in the well. The 
temper screw is hooked to a walking 
beam L, Fig. 1, which by means of a 
pitman and crank at its other extrem- 
ity raises and then lowers the temper 
screw with the drilling tools attached. 
In order to raise the tools from the 
bore hole, a rope belt C passes around 
the bull wheel B, and then around a 
tug wheel, attached to the band- 
wheel G. To raise the tools by the 
rope, the temper screw is released 
from the drill rope and the motion 
of the engine reversed, so that the 
bandwheel will transmit power in a 
direction opposite to that when drill- 
ing. Power is transmitted by an 
engine, not shown, to the band- 
wheel G by means of a belt U. As 
the drill advances into the rock, the 
cuttings would clog the hole, were 
they not removed, for which reason 
the rope R -is attached at one end to 
a pump P and at the other to a reel V. 
The pump is raised from the hole by 
engine power, but lowered by gravity. 
The sand reel (', with the bandwheel, 
bull wheel, and walking beam, are 
shown in tbe plan. 

3. The Boring Operation. — The 

height to which the tools are raised 
and then allowed to fall is about 
i feet. The drill stem and bit weigh 
about 1,200 pounds, and have an ap- 
proximate end velocity of 6 feet per 



4 ROCK BORING § 34 

second. Then, from Mechanics, the average force of the 
blow is obtained as follows, supposing that the drill pene- 
trates the rock ^ inch : 

6* X 1,200 X 4 X 12 «« ^^^ , 
f^^-^^^ = 32,239 pounds 

This is equivalent to a blow of 16.1 tons. 

Fig. 2 shows loose ground at the top of the hole. As this 
must be cased off before drilling can proceed, a drive pipe is 
forced through it for this purpose. Sometimes it is neces- 
sary to case holes to a considerable depth, or to stop up 
crevices, or to widen or ream out the hole, all of which oper- 
ations, as well as the recovering of lost tools, enter into the 
subject, and need a more detailed description. For the pur- 
pose of explanation and detail, the American drill rig will 
be divided into the carpenter's rig and the drill rig. 






THE CARPENTER'S RIG 

4. Derricks for Carpenter's Rig. — That portion of the 
rig which includes the derrick foundation, derrick, derrick 
house, and woodwork generally has been termed the car- 
penter's rig. The rig may be divided into three sections : 
foundation, derrick, and auxiliary parts. Most of the rig is 
held together by wedges, but the derrick is nailed together 
when it is to be permanent and bolted together when it is to 
be removed. The rig is sometimes made of angle iron, but 
such derricks and rigs are not much used or liked by Amer- 
ican drillers, because of their expense and the danger from 
lightning. Where suitable timber cannot be obtained, or 
where it would dry out and check sufficiently to warp and 
weaken the structure, as might be the case in hot and dry 
countries, the steel derrick and rig may be advantageously 
substituted. The following description and specifications 
of a carpenter's rig should be sufficient for any intelligent 
man to erect one in any country, where proper lumber can 
be obtained. 
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5. Ground Plan. — The sills, posts, and braces for a der- 
rick 72 feet high, shown in Fig. 3 (a) and (b), occupy a 
ground space about %i feet by 90 feet. In Fig. 3 {a) a are 




mud-sills; i, nose sill; c', main sill; e, sand-reel tail sill; 
_/■, derrick mud-sill; g, derrick floor sills. In Fig. 3 (6), a is 
the bull-wheel reel; b, bull wheel; c, bull-wheel tug wheel; 
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d, bull-wheel braces and posts; e, samson post; /, samson- 
post braces; ^, bandwheel; A, bandwheel tug wheel; t, band- 
wheel post braces ;_/', sand reel; k, sand-reel post braces; 
o, sand -reel posts; /, bandwheel 
posts; M, headache post; «, derrick 
floor; r, engine-block brace; s, en- 
gine block; t, engine-block mud- 
sills; ii, engine pony sills. 



6. Derrick. — The sizes for tim- 
bers and lumber given in the 
specifications correspond to a der- 
rick 72 feet high. • If necessity 
compels the use of smaller sizes of 
lumber, the deficiency in strength 
must be supplied by extra bracing. 
In countries where timber is expen- 
sive or where it is impossible to 
secure men competent to build a 
rig, the knockdown or bolted der- 
rick is recommended, as it may be 
obtained ready to set up. Hard 
wood is used for the foundation 
timbers, but the derrick is made 
of pine with iron corner pieces, no 
nails being used. Each piece is 
numbered, so that the rig may be 
put together and taken apart as 
desired. The method of bolting a 
derrick together is illustrated in 
Fig. 4; a are the legs; b, the 
braces; c, the girts; d, the fish- 
plates; e, the stiff eners for the legs; 
and /, iron corner piece.s. 



7. Miscellaneous Details. — Fig. 3 {c) shows an eleva- 
tion of a derrick ami rig. A ladder a reaches from the floor 
of the derrick to the crown-pulley block b; the sand-sheave 
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TABIiE II 

SPECIFICATIONS OF LUMBER FOR DERRICK 7» FEET HIGH 



35 pieces .... 
4 pieces .... 

4 pieces 

4 pieces 

4 pieces. . . . 
4 pieces . . . . 
4 pieces. . . . 
4 pieces . . . . 
4 pieces. . . . 
4 pieces . . . . 
4 pieces. . . . 
2 pieces. . . , 
2 pieces. . . . 

1 piece 

8 pieces. . . . 
8 pieces. . . . 
8 pieces. . . . 
8 pieces. . . . 
8 pieces. . . . 
8 pieces. . . . 
4 pieces .... 
4 pieces. . . . 

1 piece 

2 pieces. . . . 
144 lineal feet 
144 lineal feet 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

i 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
4 



X 8 
X 12 
X 12 
X 10 
X 10 
X 12 
X 12 
X 12 
X 12 
X 12 
X 12 
X 12 
X 12 
X 12 
X 6 



X 
X 
X 
X 
X 
X 
X 



6 
6 
6 
6 
6 
6 
6 



X 12 
X 4 
... 2 
... 1 



X22 
X40 
X34 
X40 
X34 
X20 
Xl8 
X 16 
X 14 
X 12 
X 10 
X 16 
X 12 
X 16 
X20 
X 18 
X 16 
X 14 
X 14 
X 12 
X 16 
X 14 
X 12 
X 10 
X 4' 
X 4' 



for fioor 



for legs 



for girths 



for*braces 



) for pulley 
) blocks 

I for ladder 



Total, 3,448 feet 100 pounds nails 



WORKING PARTS 

8. Baiul>vlieel. — The common band. wheel is made 

entirely of wooden pieces, the straight pieces being termed 
arms, and the curved pieces cants. Fig. 5 shows, a band- 
wheel in elevation; a are the arms; ^, the cants; c is the 
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bull-rope protettor that keeps it off the tug wheel d, the 
latter being grooved to receive the rope when it is required 
to use power on the bull wheel. 




9. Ball Wheel. — The common bull wheel, Fig. 6, is 
constructed of straight arms and cants. The wheels a, b are 



connected by an axle. The wheel a with the groove is 
termed the tug wheel; the other wheel b, the bull wheel. 
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The bull-wheel rope, which passes around the tug wheels o£ 
the bull wheel and bandwheel, acts as a belt to raise th^ 
drilling tools by winding the drill rope on the axle^ Th^ 
bull-wheel axle is supplied with gudgeons rfat the ends for — ' 
working in boxes in bull-wheel posts. The pins e are for 
turning the bull wheel by hand and thus taking up slack or 
letting out rope independent of the power. 

■lO, The Sand Reel.— Fig. 7 is that part of the rig 
which raises the sand pump used for cleaning out the sludge 
from bore holes. It consists of an axle a, upon which is a 
wooden friction wheel b and a guide wheel c. The axle is 
provided at each end with gudgeons d for fitting into the 
reel posts. Fig. 8 shows the sand reel k to be connected 
by a lever / to a rod r that connects with another lever s in 




2^ 



the derrick. These levers throw the sand-reel friction 
wheel against the bandwheel m, and as the bandwheel 
turns, the sand pump is raised by the friction turning the 
sand-reel axle and winding up the sand-pump rope. To 
lower the pump into the hole, the lever is moved so as to 
throw the sand-reel friction wheel k away from the band- 
wheel m, when the weight of the sand pump will unwind 
the rope. 

11. The Walking: Beam.— As shown at g in Fig. 8, this 
is a large beam 13" X 86" X !i6', which is moved up and down 
by the pitman e, that connects with tJio bandwheel crank ». 
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The pitman hangs from the walking beam by a stirnip o that 
is kept in place by an adjuster board/. The length of the 
stroke may be varied by placing the wristpin in any of the 
crank holes shown in the bandwheel crank, Fig. 3 (c). 
The walking beam is fastened at its center by a saddle v 
to the samson j)ost «'. 

\*i. MiMCH^llancHHis Details. — The cro'WTi pulley b^ 

Fig. H, placed at the top of the derrick is about 36 inches in 
diameter. The drill rope passes over it, and since the latter 
holds a heavy string of tools, the strain on the crown pulley 
is severe when hoisting, and care must be used to place its 
axle j)roperly in the boxes. The sand-pump pulley c is 
atioiit 18 inrhrs in diameter and has not as much stress to 
withstand as the crown pulley; however, it should be 
strongly brat-ed at its bearings. 

The telegraph cord /, Fig. 3 (r), connects the small pul- 
ley /' with the throttle valve of the engine. A reversing 
rod // changes the motion of the engine when it is desired 
to hoist tlie tools from the drill hole; for when drilling, the 
erigine usually runs in a direction opposite to that when 
hr>isting. A lever .r that applies the brake strap y to the 
bull wheel permits the tools to be lowered into the hole by 
gravity. 



TITK DRILL RIG 

13. Oll-Wt'^ll Knjrlno. — An oil-well engrine is shown, 

in Fig. 9, moutiti'd on a block, a is the throttle-valve pulley 
wheel; b, the reverse lever; c, the pump; d^ the belt pulley 
for driving the bandwhool. These engines have sectional fly- 
wheels c constructed so that when necessary they may have 
a greater counterbalance. The boilers for supplying steam 
to the engines are usually of the h>comotive-boiler type, but 
any portable boiler will answer. The engine feeds water to 
the boiler by means of the pump, which has a plunger and 
working barrel attached to the crosshead of the engine, but 
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Dot shown in the figure. Engines for well drilling are 
usually about 20 horsepower, and drive the bandwheel by 




^a, 



exhaust steam is passed through a feedwater heater 
iched on the pump side of the engine. 



DRILLING TOOLS 

3.4. The tools consist of a rape socket, sinker bar, jars, 
•"^m, and bit, weighing together about 3,000 pounds when 
^^ string of tools is 61 feet long. Besides the above, the 
^t»per screw, wrenches, hawser-iaid drill rope, and sand 
P^nip are factors in boring. Accessory tools, such as anvil, 
*Orge, sledge hammers, bellows, and gauges, are also neces- 
sary for sharpening bits. Fishing tools for recovering the 
fope, if it breaks, or the tools if they break or become loose 
tn the bore hole are numerous, and consequently cannot all 
^ mentioned. 
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IS. Il(»pe Socket. — The Hockote are fastened to ** 
drill rope in various ways. Probably as servicable ^ 
easily worked a socket as any is the tving socket, sho^w*^ 
Pig. 10. The rope is put through the wings, whic:%>' 
afterwards drawn tight by rivets driven through the ^ 




■bown. Another rope socket is shown in Pig, 11. The ' 
is passed through the upper portion £/ and the jaws 5y 
upper {/and lower portion L of the socket are then ti^*^ 
screwed together, thus clamping the jaws so that theyg*"' 
the rope firmly. 

16. Sinker Bar. — The upper end of the sinker "f 

shown in Fig. 13 is provided with a male screw // for fasC^ 
ing it to the lower end of the rope socket /% which ha^ 
female thread. This bar is 3^ inches in diameter, 18 f^ 
long, and weighs about SiO pounds. It is provided at e^- 
end with square shoulders for the purpose of taking t 
wrenches when stringing and unstringing the tools. "C* 
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/unction of the sinker bar is to afford weight and deliver aQ<J 
upward blow to the stem and bit, thus loos- 
ening them and preventing their sticking in 
the hole. It does not deliver a downward 
blow. The weight and diameter of the 
sinker bar must be proportioned to the 
diameter of the hole being drilled. 



17, Jars. — This tool divides the 
string of tools into two members, and 
is merely a long link with a female 
thread in box IV at one end and a male 
thread G at the other. In Fig. 13 
the jars are shown closed. They are 
about 7 feet 6 inches long from end to 
end, and when open lengthen consid- 
erably. The jars are usually allowed 
a play of about 13 inches when drill- 
ing; that is, on the up stroke before 
the upper link strikes the lower. On 
the down stroke the links are not per- 
mitted to strike; for instance, if the 
nches, the sinker bar and top jar move 
^ inches upwards and then pick up the lower tools 
with a jerk and raise them 20 inches. On the down 
stroltc the auger stem and bit fall 30 inches, while the 
sitilccr bar falls 34 inches to telescope the jars and 
have 4 inches play for the next blow coming up. A 
skilful driller never allows his jars to strike together 
on tke downward stroke; as the jar grows weaker by 
reason of the hole advancing, he tempers the stroke 
"7 'Heans of a temper screw, thus giving the jars more 
P^^y- A set of jars are 5^ inches in diameter and 
*^»eh about 330 pounds. 

■Is, Anger or Drill Stem. — This part of the 
f ""'^ig of tools is a duplication of the sinker bar, but 
*^ ' ^ade about 30 feet long in some cases; it has a diameter 



stroke Is 24 i 
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of 3} inches and weighs about 1,020 pounds. It is ajso 
provided with a pin K at one end, Fig. 14, and a box 7*al 
the other, with a collar for the wrenches. It is the weight 
of the drill stem in falling that gives force to the blow of 
the drill. If the drill is too heavy, there will be too mucli 
vibration to this stem, and either the stem will become 
unscrewed or broken. 

19. The Bit This is the lowest member and doest^e 

cutting. It is shown in Fig. IS, and for an 8-inch hole w W^ 



\ 




probably weigh 160 pounds. The spudding bit in Fig. IC i — 
for drilling earth down to solid rock, while the reamer^ 
-Fig. 17, is for giving the hole a larger diameter. 
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^. Temper 8ci-ew. — To the walking beam of 
^till rig the rope carrying the tools is attaclied by r 
^S a temper screw. This appliance, 
shown in Fig. 18, is divided into a 
link A termed the reins, a screw, and 
the clamps. The reins are provided 
at the top with an eye E for taking 
the hook depending from the walking 

''earn, and at the bottom with a yoke 

or split nut /, to one side of whii-li is 
fastened rigidly a collar provided wicli 
3 laand screw for tightening the split 
Out. 

Tine screw is about 1-f inches in 
"ia-iTieter and 4 feet long, having two 
scHaa.re threads to the inch, with 
svwivels at both the top and bottom. 
T^li^ top swivel bar prevents the screw 
'^oi'n lashing during drilling opera- 
'^•^•^s, while the bottom swivel // Is 
turning the rope during drilling. 
^"~*=»rTi the swivel crosshead // two 
''*^lcs depend, one carrying a clamp 
s^<=lcet i' to which the vise is attached, 
*'^<3. the other carrying th 
scolcet on the side T. Both rope 
**~*'^lc:ets are shown, in position, 
^*-*-»r»nped to rope K for drilling, hav- 
m^ been firmly fastened in the vise 
'^'artip by the vise screw L. 

^ 1. Wreuclies. — Each tool is provided with a square 
•^olla,. for the purpose of screwing up or unscrewing it by 
•^^ans of the wrenclies a shown in Fig. 19. One wrench is 
attached to the collar of the tool underneath and the other 
*■'* the tool above, then by placing a pin d in the floor circle c, 
^^G lower tool is prevented from turning by the wrench 
"^ndle, while the upper tool may be turned by the wrench. 
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To turn the upper wrench, it is necessary to use the circle 
bar d^ as shown. There are several patented arrangements 

for tightening and 
loosening the 
tools, which may 
possibly make the 
work easier, since 
the tools must be 
screwed as tightly 
as two men can 
make them by 
their combined 
strength. About 
one-half the losses 
of tools arise frot*^ 
not proper^" 
screwing the joi tx^ 
^'<»-i» together, ^^ 

ii\H)Ut two-thirds of the balance are due to using pO* 
material. 

After a joint has been set up solid, a slight mark may" ^ 
made across it with a sharp cold chisel, half of it on the 
collar and half of it on the box. Each successive time t 
joint is screwed up, the mark on the box should go a li 
past the mark on the pin collar; if it does not, it .inflica.'t 
that there is dirt on the face of the joint or in the threa.^ 
which should be removed; otherwise, the dirt may work 
and cause the joint to become loose. 




SHARPENING THE TOOLS 

22. Dressing: the Bits. — Fig. 20 shows a prope 
dressed bit, with tool gauge for ascertaining its fitness, 
different tool gauge is required for each diameter of t^^ 
which should fill out the gauge so that the corners fronc^. 
to / have the same distance as from ^ to ^ or from c to ^ 
The bit should be heated in the forge to a cherry -red fo^^ 
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distance of 3 or 4 inches back from the point, being turned 
occasionally in the fire to get both corners hot. Drill- 
era sometimes make 
a mistake in not heat- 
ing the bit far enough 
back, since if 
heated on the point 
only, hammering 
spreads the surface 
but not the center, and 
later on the surface 
peels off. The heated bit is placed on an anvil for dress- 
ing and is spread somewhat larger than a finished bit by 
striking it with a sledge at the center first and following 
we blows out to each corner; the bit is then turned and 
hammered in the same way on the other side. It is then 
turned on a narrow side so as to project a little over the 
anvil and the corners given cutting edges. This is the most 
'"iportant part of the dressing, since the corners do nearly 
^" the cutting and they must conform to the gauge in 
"'"'ler to drill a round hole and not cause the drill to stick. 
The edge, when hamjnered into size and shape, will do twice 
^^ much cutting as when dressed with a file. Finally the 
^ Or cutting edge from ^ to^ must be straightened. One- 
^*'f of the art of drilling is knowing how to temper and dress 
a heavy bit properly. While almost any coal may be used 
.^ bit dressing, it should be as low in sulphur as possible, as 
^"'phur in coal is had for the bit. 

^S. Anvils. — Most drillers prefer the ordinary black- 
'^^ith anvil, but many on account of weight and the 




™*lvenience in turning the bit ■ 
""'ock shown in Fif;. 21- 



'hen drilling prefer the 
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TEMPERING BITS 

24. Heat Coloi-s. — The colors that show on heated 
;teel appear different, according to the light or shade they 
are in; for instance, a 
dark cherry-red in sun- 
light will have a brighter 
shade of red in a darker , 
light. When tempering 
the bit, therefore, it ' 
should be heated to a 
dark cherry-red in sun- 
light, but should never 
be heated so strongly 
that it throws off sparks, 
^"* ■■" as this indicates that 

carbon is being burned out of the steel. The bit should 
be evenly heated for at least 3 inches back of the 
cutting edge; then it should be set perpendicularly as , 
shown in Fig. 33, so that about 1| or 1| inches of water 
will be above the bit. 

The water in the tuT} should be stirred until the edge of 
the bit has become cooled; the tool should then be tilted 
out of the water, where the cutting edge may be rubbed 
with a stone to remove the scale. 

The succession of colors that creep gradually toward the 
point of the bit are carefully watched, until the deep purplfs 
or blue runs down to within | inch of the cutting edge, j 
Then the drill is stood upright again in the water and \ 
allowed to cool off. 



25. Tempering Color. — The first color to appear on 
the bit may be nearly white, the next straw or orange, fol^ 
lowed in succession by a deep yellowish-purple, blue, and 
finally black. The white color gives too hard a temper to 
the bit fur any but soft rocks, such as slate and crystalline 
limestone; the straw and orange would also give too brittle 
a temper for hard rock and probably cause the edges of the 
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bit to chip. The deep purple or blue is about right for t 
Iiar<a.€!st rock, while black is too soft and causes the edge to 
become battered in a short time. After having tempered 
thes^ bits a few times, the operator will !earn to gauge by 
sig-ht the color that will produce the best temper for the 
steetl and the rock. In some instances the expert judges 
from, the color to which the bit is heated what temper may 
be <=>'btai[ied, and does not need to lift the drill from the 
wat^i- to watch for the colors. 



^2^5. The Temperlnjir Water. — The reason for not tem- 

P^i"! ■">g in deeper water is that the heavy bit of steel will not 

qn i<::^l<ly cool to the center, while the outside shell will cool, 

i^^*^ tract, and may even crack open. The cracks thus 

lorr-iried become deeper at each heating and cooling until 

pieiC=e;s chip ofT. The better the steel and the higher the 

*^^''t»on, the more likely is this to occur, but it can easily be 

^^*^i<ded by tempering in shallow water as previously 

•^^s^^ribed, and only tempering that part which has been 

'^^'tMnered. The bit should always be dressed out to the 

gatige of the hole to be drilled, as it will otherwise 

*^<^me smaller as the depth is increased. The gauge 

sr»<:i,j^[j j^g pyj pj^ |.]^g jjjj ea^-h time the hole is sludged, and 

' *^ot up to gauge it should be dressed, or a dressed bit 

"^^tituted. The tool dresser should see that the threaded 

^ of the bit is entirely cold before it is put on for drilling 

^^^rwise, the screw may shrink and loosen the joint after 

ttx-- 



tools have bet 



ed into the hole. 



> OPERATIONS 



MI9CELI,A?(KOII8 APPLIANCES J 

"^T. Conductor, or Stand Pipe. — Before drilling can be 
*"T-ied on, the surface soil must be cased off and the rock 
f^^'^etrated sufficiently to permit a string of tools 60 feet 
'^^ to hang in the hole. The conductor, or stand pipe, 
^V be made of planks nailed at the cornei 



A 



•^gre wfought-iron pipe. If the ground 



r it may be 
5 tight, a bit may 
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be used to loosen il as this stand pipe is being put down. 

It may be necessary, where the drift is thick, to drive the 

stand pipe several hundred feet. There are two methods 

of driving pipe, which are equally effective. 

The method of driving pipe with a mall is shown in 

Fig. 8, / being the pipe. Where this method is practiced, a 
solid drive head. Fig. 23, is required to 
prevent the threads and upper end of 
the pipe becoming mashed. For a simi- 
lar reason, a drive shoe. Fig. 34, with a 
beveled edge is placed on the lower end 
of the drive pipe. 

On account of the labor connected 
P'o- *» ^ith rigging up a mall with guides, it is 

now customary to use the drill stem and bolt to it a pair of 

driving clamps. This arrangement is shown in Fig. 35 {a) 

and (i), where a is the drill stem 

6, the drill bit; c, the drive shoe 

d, the hollow drive cap; e, the dri 

ving clamps, better shown in eleva 

tion, Fig. 35 {i). If the drill is 

allowed to go just ahead of the 
i pipe, it will be much easier to 

drive the pipe. The material driven 

through should be sludged out tverj 

3 or 4 feet, pouring water down the hole for this purpose, 

if necessary. 




38. Spudding. — Before a depth sufficient to take a 
60-foot string of tools is reached, it may be necessary to 
drill by spudding. In soft ground the tool used for this 
purpose is a large bit — in every case this is larger than the 
diameter of the hole to be drilled, for the casing must go a 
short distance into the rock. The operation of spudding is 
carried on without the walking beam in the same manner as 
that illustrated for driving the tubing in Fig. 8. 

If the ground will standalone, the conductor or drive pipe, 
can be driven down independent of the bit. The conductor 
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should be at least 10 inches in diameter, and may have an 
ouisicie coupling 7", as shown in Fig. 26, Since it may be 
necessary to case off water, or loose ground deep down in 
the hole, a larger diameter than the dril! is necessary, 
because the casing pipe must go 
p* — *— , inside the stand pipe, as shown in 

^^' Vt — Fig. 2. Each casing pipe inserted 

L^ — ^j_J in the hole will diminish the diam- 

eter of the bit by a little more 
than twice the thickness of the 
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iig pipe. 



[ ' d' j 39. Strlnsrlog: th 

\ / When sufficient 

^^J depth has been 

reached for a string 

of tools, spudding 

is discontinued. In 

stringing the tools 

care must be taken 

to see that, they are 

properly tightened; 

otherwise, they will 

unscrew in the hole. 

After all the joints 

have been screwed 

up the tools are 

lowered into the 

hole by means of 

the bull -wheel 

brake. The band- 
wheel crank is then 

turned to the upper 

center and the pit- 
™4n raised and slipped upon the wristpin, where it is 
secured by the key and wedges; the temper screw is hung 
''Pon the walking-beam hook; and the slack in the cable is 
then taken up by the bull wheel until the jars are known to 
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be irj \jT<j\fitr [x^sition. The clamps are brought around d y^e 
cabl': afl'rr that has been wrapped where it comes in contsfc^^t 
with ih'r 'J amps, and then the latter are securely fasten. ^^ 
by irjc 'Jamp screw. The cable is next slacked off from tfac 
buj] \\'\i*',*:\, and the tools held in the well suspended from t: fce 
walkinj( b<:ajn instead of from the crown pulley of the der- 
rick, as b<:fonr. The engine is next started and the walk! :Kig 
lx;aiM moves up and down, alternately raising and ' loweri :Kig 
llje l'/'>ls, the driller in the meantime rotating the drill rc^-pe 
so tJjat the bit will nr)t strike twice in succession in the 
place. When the drill is rotated in one direction for 
tinje, the slark rope hanging from the crown pulley, wh»-C^ 
is allowerl to be upon the floor, coils around the d^^ciU 
<;ahle; when it becomes troublesome the motion ^^ 
reversed and it uncoils. Only by this constant rol 
tion of the drill can a round hole be insured. As t- 
drilling proceeds, the hand screw on the collar of t 
reins is loosened and the temper screw lowered 
turning the handle at the lower end; the reins 
then tightened and the drilling continued until t' 
jar informs the driller that the temper screw shots:- 
be again let out. This is continued until the enti ^^ 
screw has been let out. 

:{(). 'l'h<^ Hand l»ump.— When the cuttings in tt^^ 
hole become too deep to allow the drill to drop ireeM J 
to the bottom, they are removed by means of ttP-* 
sand pump. The common sand pump, Fig. 27, cor^' 
sists of a working barrel a, cut away at the lower en^ 
in the illustration, to show a dart valve d provide^ 
with shoulders to prevent its being forced too-higJ^ 
into the barrel when the pump descends into the hole?^ 
Tlie pump is attached to the sand rope by the bail cr^ 
L L The cuttings in the form of sludge enter the pumf^ 
at the lower end, the valve closing and preventingT 
Fig. 27 i\^^[y flowing out when the pump is raised. Shoulcl 
the mud in the well be so thick that the pump will not::^ 
readily sink to the bottom, it is raised and lowered 
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ftely until filled, when it is drawn up and emptied, 
iis process is repeated until the hole is cleared. 



31. Viicnnm Sand Pump. — Fig. 38 shows the vacuum 
nd pump with a portion of the working barrel removed 
to show the valve and sucker rod. a is the barrel, 
b is the valve, or sucker, that travels the whole 
length of the pump barrel. When the pump is 
lowered into tlie well the sucker goes to the bot- 
tom of the pump, being forced down by a heavy 
iron sucker rod c. The sand line is securely fast- 
ened to the top d of the sucker rod, and when 
the sand reel is thrown in gear the sucker is 
drawn up rapidly, creating a vacuum that draws 
the sludge into the pump barrel, 

33. Drill Kopes.— Fig. 39 shows a drill cable 

of three small ropes of three strands each twisted 

together, termed a hawser-laid cable. Hawsers 

are almost entirely used for sand lines and drill 

ropes, since they are strong and 

elastic. Ropes in deep holes must 

have elasticity, as they stretch 

considerably with a heavy string 

of tools on them irrespective of 

their own weight; in fact, it is 

this elasticity of the rope coupled 

with the jars that makes the 

American drilling rig so effective. 

Manila drilling cables have 

usually diameters of \\, 3, 'i,\, and 

3^ inches, and can be purchased 

in any length up to 4,600 feet. 

The breaking strength of manila 

rope may be found by squaring ' 

the circumference in inches and 
"^" multiplying the product by 790 ""'■"' 

I new rope and 1,050 for sound old rope. As rope is 
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purchased by the pound and a running foot varies ira 
weight, the buyer should always request the weight pe&~^ 
fool with the price, 

33. Other Kopee Itequired.—Sand lines arc usually j,.^ ~. 

1, and IJ inches in diameter, as in deep holes they have. con -^• 

siderable strain placed on them. Sucker-rod lines are 
from 1^ inches in diameter up to 3 inches, while tubing lines 
are used from 2 inches to 3J inches in diameter. BulI-wheeLBl ~\ 
driving ropes are of hemp, 3} inches diameter, .^ 
and plain laid. 



34. The Hope Knife. —Whenever tools are 
fast in the hule, so that they must be fished 
for, the rope must be cut. The borseslioe 
rope knife with guide is used for this purpose 
generally, although there are several other 
kinds of rope knives. Fig. 30 shows a horse- 
shoe knife with guide cutting the rope. The 
knife blade is |)lai;ed around the drill rope and 
the tool fastened to a string of sucker rods or 
a sand line with a sinker, the object being to 
car^y the knife down to the tools. A few 
jerks on the line and knife will then cut the 
rope. These knives are made with a trip, so 
that the rope will not be cut until the trip 
has reached the rope socket, and permits the 
knife to fall. This arrangement is probal 
the best of all. 



35. Ropt; Grabs. — In case the rope breaks; 

it is apt to tangle up in the hole, and if a 

proper grab is employed it may soon be caught 

and the tools extracted. The grab shown in 

^'^ *' Fig. 31 is in position to take hold of a rope end. 

When, however, it is desired to hoist, the wing a, which 

hinges at d, is pulled toward the wing i\ and fastens its 

lura into the rope. The spear gi-ab is a single prong with 
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spurs arranged spirally along its length, and will be 
useful in case the rope is snarled in the hole. 

36. Fishing: Tools. — Grappling tools are numer- 
ous aod are constructed with many objects in view; 
hence, to describe them would exceed the scope of 
thJB section. For instance, a horn socket may an- 
swer for a loose tool, while in another case one to 
lake hold of a pin will be required. Possibly a 
brokcQ jar, stem, or bit grab may be required, or 
after a rope has been cut, a grab for the rope 
socket. Other fishing tools may be required to 
recover bailers, or sucker rods; to knock jars loose 
when they are locked in the hole; to drill holes 
into the tools; or put threads upon them in order 
to obtain a firm hold. In some cases all fishing 
devices will fail, and then the hole should be 
reamed and the calyx used to drill around the 
'op tool in the hole, so that the fishing tool can 
reach it and get a firm hold. When this last 
plan fails, the tools and hole may be consid- 
ered lost. 

87t Reamlusf Bore Holes. — In measures with ' ' 
l™t little inclination llie tendency of the drill is to 
cut exactly vertically, but in pitching measures '"' " 
tiicreisa tendency of the bit to leave a vertical line when 
PSssitig from a comparatively soft stratum into a harder 
•*«■ This tendency is so strong that even most experi- 
«iiced drillers are sometimes unable to overcome it, though, 
" a rule, competent drillers detect it quickly, and take 
steps to prevent it. A hole not vertical throughout its 
*hole length is very troublesome if for any reason it is 
desired to case it throughout or to pass a haulage rope 
through it, because the rope will strike the sides and will 
W a short time be ruined. 

Pig. 33 shows a method of straightening a hole. The 
^rill stem a is bushed by the guides b, which prevent ita 
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. sidei 



Real 



milar to that sho- 



movement ! 

Fig. 33 are used to straighten crooked holes, but ihey are 

not confined to this use, their object 

being to enlarge holes. It is often 

easier to bore a 6-inch hole and ream 

it to 10 inches in diameter than W 

bore a 10-inch hole, 

38. Ca/^lng Holes. 
In .c-asiiitf lioleB, the 

general plan is to wse a 
casing whose outside 
diameter is slightly less 
than the diameter of 
the hole, the space be- 
tween the pipe and hole 
being carefully filled 
with Portland cement. 
In case the hole meets a 
fissure in the rock that 
drains it or admits sur- 
face water, scaf bags are 
used to close such crev- 
ice until the casing is 
put in. They are also 
used to make a packing 
at the end of the casing 
tube previous to putting 
in the cement. These 
seed bags are small bags 
filled with flaxseed, which 
rapidly swells when wet, 
and thus .fills up the 
space to be closed. The 
cement poured in the hole 
is drilled through after 
it is set, and if it is good pia. ss 

cement, a tight joint 
casing pipe and rock will have been made. 
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PORTABLE DBIL.I.INO MACHINSS 

HiK In many instances drill rigs mounted on wheels for 
trans[>ortation are very convenient, especially in testing 
placer or other shallow deposits; or for drilling holes not 
over 1,000 feet deep. <Such pol*table drill rigs may have 
traction connections similar to those shown in Fig. 34, so 
that they can be moved about by their own power. Where a 
number of holes of moderate depth are to be bored, nothing 
can equal them if the object sought is not beyond their 
cajmcity. The derrick is not shown in the illustration, but 
in made of a height to correspond with the string of tooI& 
UHtul for drilling; and it is also portable, hinging when i 
place to the post a, and being braced back to the post d. I 
the illustration, c is the boiler; ^is the engine flywheel, t 
engine being almost out of sight; e, the drill-rope drum; 
the Hand-rope reel; ^, the walking beam; A, the pitman 
the walking beam. The drilling machinery is all drive. 
from a belled countershaft, and is thrown in and out of ge 
by means of a hand lever; in fact, the machine is complet 
in itself, but in case a hole of 500 feet or more is to be drille( 
it is advisable to erect a derrick, as it will handle a longe 
string of tools than the portable form. 




PUMPING 

4(h The American drill rig is used for many purposes 
about mines, among which may be mentioned boring for 
water for coke oven, boiler, or domestic use. Incidentally 
gas and possibly oil may be struck, or water not suitable 
for use, in which case the driller should know how to handle 
them properly ; that is, case off an undesirable product or 
pump what is desirable. The deep-well pumps mentioned 
here are of peculiar construction and intended for this 
character of work alone. 

In case a well is to be tested to ascertain the quantity of 
water it will afford, it is customary to run into the water a 
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pipe having at its lower end the working barrel of a lift 
pump, and use a set of sucker rods with a clack valve that 
fits snugly into the working barrel. One end of the sucker, 
or pump, rod is fastened to 
the walking beam and the 
engine started. 

The method followed for 
pumping oil wells is shown 
in Fig. 35, and will illus- 
trate nearly every case 
likely to occur. In the 
illustration, a is the walk- 
ing beam; b, the sucker 
rod; c, the discharge pipe 
for oil; (/, the casing head, 
with gas-pipe attach- 
ments e. The working 
barrel and inside casing 
through which the oil is 
pumped, or in some liases 
water, is shown in position 
with the drive pipe. When 
water is to be pumped, 
the casing head will not be 
needed with this method of 
pumping. 

41. Wopkingr Barrel. 

Where the drilling engine 
or some other engine is to 
be used in connection with 
the walking beam for pump- 
ing, a special kind of work- 
ing barrel is placed on llie 
end of the well pipe. A 
common working Imri-el 

is shown in Fig. 3C, with a porlion cut away to show the 
interior arrangement of the valves. The pump, or sucker, 
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rod a is fastened to a number of sucker cups d having 
leather valves c that make a tight joint with the working ' 
barrel. To prevent the water going out of the barrel on ] 
the down stroke and to admit water on the up stroke, a 
foot-valve li is screwed into the lower end of the barrel. 
Pumps of this description are serviceable and at times ] 
economical; besides, the valves are readily replaced or 1 
repaired by simply raising the sucker rod. The lashing of i 
the rods and their liability to become parted are objections | 
that are common to every class of deep-well pumps. 



42. P»cke«. — Fig. 37 shows the section of a gas well, 
with packer a to prevent gas going up outside the casing 
pipe, and packer d to prevent salt water mixing with the gas 
that enters the perforated pipe c. At the bottom of the 
hole will be seen what is termed a bottom packer d. This 
is better illustrated in Fig. 38, which shows a cone a drawn 
out and fastened to some easily broken material. When the 
disk reaches the bottom of the well and the weight of the 
tubing comes on the cone, the plug will be forced tightly 
into the pipe and prevent any salt water going up through 
the tubing. The packers a and d are telescopic joints with 
sheet rubber on the outside. When the weight of the pipes 
come on the packer, the joint pipe of the packer, being of 
smaller diameter than the casing, slides into the latter, thus 
making the rubber take the crimped form shown in the 
illustration, and pack the hole. 

43. Pumping Powers. — ^Where several oil wells are to 

be pumped from one central station, a wooden or iron 
pumping power is installed. These powers are driven by 
a belt attached to the pulley wheel of a steam or gas engine. 
In Fig. 39, a is the belt wheel that drives a pinion d, 
which in turn drives a gear-wheel c attached to a vertical 
shaft d. To the shaft are keyed eccentrics e that turn with 
the shaft, and in so doing give the shackle rods/, g, and /i, 
running out in different directions, a forward and backward 
movement, thus raising and lowering the pumping jack, I 
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or grasshopper, over the well. The shackle rods may 
wooden as at f. wire rope as at g^ or iron as at A. "Xlw 



ay \* 1 

Tte .1 




eccentric works in a collar siirrounding it, and to vhicta *''^ 
sliackie rods are attached. This collar does not reV*^'*'* 
with the eccentric. 

44. Shackle i-ods are of wood, bar iron, or iron W'^^' 
The wooden shackle rods must he kept off the ground "^ 



the use of rocki 


ns bean 


IS. and this, together with their 


hooking up, makL 


s them e 


\peiisive in the long run. Bar-Ji'*'" 


shackle rods are 


qnicke 


to join, and may be driven oV^ 


without injury. 


Their 


first cost is more than woode" 


ruiis, hut being 


more d 


rable, they are less expensive ^'^ 



4.1. Pnmpinp; Jaoks, or < 
shown a wooden pumpiu^ jti 



t-HssliopiM^i-s. — In Fig. 40 
rk, termed a yrassliopj*^' 
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The shackle rod a coming from the power, pulls and pushes 
theVjack knee*. To the knee jack and the walking beam tf 





attached a pitman (/ that raises and 
^Wers the pump rod e. 

46. Shooting Wells.— When wells 
'H not furnish a good supply of water 
^ oil, as a last resort it is customary 
^ shoot them, using for the purpose 
^ torpedo similar to that shown in 



^'K- 41. Nitroglycerine 



the 



xplo- 



^'ve, and is discharged by means of a weight, or go-devil, 
"topped down the well on to the disk a. The impact of the . 
Eo-devll on this disk drives a spindle d on to the cap c, thus 
^a-Using an explosion. By attaching a string to the torpedo, 
^^ may be lowered and exploded at any desired depth. 
'Special men are employed to shoot oil wells. The tins 
nolding the nitroglycerine are lowered into the hole from 
* reel. They are made less in diameter than the hole, 
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pointed at one end and open at the other. E 
contains about 20 quarts. The cost oi 
ing, including the glycerine, is about 7 
per quart, but there is usually a disco 
cash payments. 

47. Plugfs. — In some instances whe: 
or oil is struck, the bore hole is cc 
with the expectation of obtaining a 
flow. If such expectations are not rea 
may be found advisable to plug th 
with some such arrangement as that 
in Fig. 42. The hollow wooden plug a 
in the hole first and the head b afte 
A few blows from a tool will spre 
hollow plug and stop up the hole, 
plugs are used also for stopping drj 
that is, holes that have been boi 
mineral and were failures, or when o: 
Pio. 42 was struck. 



MODIFICATIONS OF THE AMERICAN DRII. 

48. Ground Testing Devices. — Among the ni 
devices for the purpose of better determining the cl 
of the ground that the drill passes through, than 
ordinary sludge pump, two have been successful, part 
in prospecting. One depends on the vacuum p 
remove the borings; the other on a hollow drill i 
that, having a ball valve, acts like a lift pump, 
system requires that the holes bored be cased with 
wrought-iron pipe, which may be withdrawn when b 
completed. 

49. Keystone Drilling Machine. — This is a p 
machine, the prospecting features, however, alone an 
When in drilling a stratum or a depth is reached ir 
minerals are suspected, the drill is kept sharp at the c 



ROCK BORING 



37 



gS4: 

and only a few inches drilled at a time. The vacuum sand 
pump is lowered into the hole, and when drawn up its con- 
tents are discharged into a bucket of water. It is important 
that a correct record of the depth be kept, and this is 
accomplished by fixing a piece of wire or cord through the 
drilling cable at a fixed point above the surface and the 
cable measured as it comes from the well. A memorandum 
should be kept of the exact distance drilled and, if minerals 
are found, the amonnt in bulk or percentage recovered in 
each distance drilled should be noted. The drillings should 
lie preserved in glass bottles for future reference, and every 
change of rock with the thickness of each stratum noted. 

60. ProspectlnK for Ckml. — As a practical illustration, 
assume that the driller is looking for coal. It is desired to 
ascertain in such cases, the cover, the nature 
of the roof, and the thickness of the bed. The 
'^epth of the cover and the thickness of the 
coal are ascertained from measurements of 
the rope. The nature of the cover and roof is 
ascertained from the borings pumped out and 
placed in bottles. When the coal has been 
reached and a measurement made of the 
depth, the drill with a 6-inch bit, for instance, 
^ removed and a long-shanked drill with a 
3-inch bit substituted. With the latter the 
operator proceeds to cut a few inches at a time 
•intil the bottom of the vein has been reached. 
^he 3-inch bit has a shank 8 feet long, or long 
encmgh to pass through an average coal seam, 
^"c. cuttings are removed from this 3-inch 
hole by a 3-inch vacuum sand pump. When 
"le bottom of the hole is reached and has been ^^-— - 
"Cleared, another measurement of the rope .is ^Hj^i ) 
"'ade to give the thickness of the coal. The ^B||^^ 
3-incIi center bit is next removed, and a fiq. 43 

shearing bit, Fig. 43, 6 inches in diameter, substituted, and 
'''filing carried on 6 or 8 inches at a time, using the 3-inch 
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vacinim pump for removing the drillings, 
bit will furnish fair-sized chunks of coal, 
quality can be determined. Fig. 44 shows 



This shd 
from whict 
the drill a 




above the coal; the 3-inch center bit & drilling intothfti 
and the shearing bit c working into the coal. Broken 
is shown in the bottom of the hole. 

51. Cyclone Drilling Sj-stem. — The rods for 
Cyclone drilling system are made of extra-heavy I 

pipe, that is, twice as heavy as ordinary wrought-iron 
The pipe rods to which the bit is fastened, and in the 
of deep holes to some height above the bit, are mad 
double extra-heavy wrought-iron pipe. The size of t 
rods depends on the diameter of the hole to be drilled 
instance, in testing for mineral.'; a 3-inch or 2^-inch diair 
casing and IJ-inch rods will answer for a distance up 1 
the bit, and above them 1-inch rods to the top. In 1 



having i-inch casings, the rods are IJ inches throughout, 
and for holes from 4 inches to 6 inches in diameter, 8-inch 
double-extra pipe should be used. 

52. Operatlou. — The shank of the drill has a hole 
drilled through its center, and two holes, one from each 
side of the bit, drilled to intersect the one at the center. 
On lop of the bit, Fig. 46, is placed a shank consisting of a 

steel washer and a brass or a steel 

bail (I, which makes a bal! valve when 

the bit is screwed to the lower section 

of the hollow drill rod. On the rod at 

ihe surface is placed a packinj,; box A, 

which is connected with a hose tr, from 

"hich the rock cuttings pass out of 

Ihe hollow drill rod. The handle d 

is tor revolving the rod in order to 

obtain a perfectly round hole, The 

'TE f is for raising and lowering the 

Jnll rods, and is swiveled sii that they 

"lay be turned; it hangs from a der- 
rick mounted on a portable drilling 

'IK having a bell-crank worked by 

"■achinery that gives the puwer for 

raising and lowering the drill rods. 
The rods make from 90 to 130 strokes 
J*"" minute, and on the down stroke 
'he ball valve opens and permits the 
"^'Ppings to go into the bit and 

thence into the rod; on the up stroke " " '""" 

'he ball valve closes and the chippings ^'"- *>* 

cannot go back into the hole. E-ventually the entire drill 
rod becomes filled with water and chippings, when it over- 
. *''"'s through the hose c. Water is necessary for this drill- 
_ S' a.nd in case the hole is dry it must be poured down the 
The cuttings when allowed to' flow into a tank will 
what kind of rock is being cut through and whethi 
contains valuable mineral. This method drives, drills, and 
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pumps at the same time, and is said to work excellentl 
In hard rock free from crevice the casing pipe shown in t 
figure is not required, but in testing alluvial deposits it 
necessary, otherwise, the ground would fall against t 
drill rods and prevent their churning motion. 



HOLLOW DRILL-ROD MACHINES 





INTRODUCTION 

63. Systems. — There are three systems of rotary bori 
by pipes that have come into prominence in late year^=^ 
One is the Chapman rotary system^ which depends on a bn^ 
to do the cutting, with a stream of water to wash the cu 
tings away. The second is the Davis calyx rotary bore 
which differs in particulars from the Chapman and has 
calyx, or cylindrical-shaped receptacle, for receiving th 
borings. The word calyx means cup-shaped^ but the neare 
approach to cup in this apparatus is a piece of pipe open a 
both ends; one end, however, rests on a core barrel, whicK^ 
closes it and forms a receptacle for the borings. Thit - 
apparatus will furnish a core and cuts rock by means of ^ 
rotary motion given to the bit by a torsional strain on th 
drill rods. The third system, known as the Diamond drills 
depends on a bit set with diamonds that cut the rock by 
rotary motion imparted through the medium of an engin 
at the surface. All three must have water pumped dow 
their hollow rods to wash away cuttings and keep the bit 
cool. 

DAVIS CAIiYX DRIIili 

54. The drill for the Davis calyx rotary borer is shown 
in Fig. 46. It consists of a cylindrical metal shell about 
^ inch thick and 10 or 12 inches long. The teeth on the 
cutter are alternately set in and out as they would be on a 
rip saw. The rear of each tooth is beveled to an angle of 
about 60**, while the front is nearly vertical. The action of 
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this bit is peculiar in that it is worked liy torsion, 

it is possible to drill in sandstone itnd 

hard shales at the rate of | inch per 

revolution, there are, however, some 

rocks so hard that these cutters are 

not advisable, and then are replaceiJ 

bj special bits. Fig. 47 shows this 

system of core drilling in section 

In the figure, a is the bit; b, the 

core barrel fastened to the bit; c, a 

reducing plug into which the core ■""■ 

itiirel is screwed; d, a calyx, or an open tube of 





-ter as the core barrel, resting at the !o 
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reducing pliiSf, leaving its upper end open; f are the driX^^ 
rods, which consist of hollow wrought-iron pipes through 
which water is forced under pressure to the drill; ^ is 
swivel connected with the pump h by means of the hose «, 
and through which water enters the drill pipe; _/'is a h(><^^ 
for holding the drill pipe in position, and which also assists 
in lowering and raising the pipe; it is the mechanism luj 
which the drill pipe is rotated. By reference to the arrov^J^S, 
it will be seen that water enters the drill pipe through t ^l:T.e 
hose /', passes down the drill pipe into the core barrel, (^ i-it 
through the teeth of the bit, and up the sides of the cc:^x"e 
barrel until it reaches the point e. The water passes "W-X p 
between the bore hole and the core barrel very rapidly, t» ut 
as soon as it reaches the point e. its velocity is lessened a :«;^d 
the coarse drill borings that are washed up fall into t^ lae 
calyx d. 




55. Calyx Itotnthif; Device. — The machine for rot* 
ting the drill is shown in Fig. 48, where it will be seen th^ 
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the drill rod is held in position by the block a, which may 
readily be lifted out when desired. A horizontal tablq. b is 
seen resting on a bedplate r, which in turn rests on tim- 
bers d. Underneath the horizontal table a system of i 
gears / are connected and moved by the power wheel f. 1 
WThen the gear on the power shaft is thrown into mesh by l 
means of the lever h, with the gears imder the table the 
letter revolves and with it the drill rod. This is a very 
simple device and permits of quick drilling, coupling, and 
uncoupling the joints. 

06. Torsional Boring:. — When the apparatus is boring, 
the pressure of the drill rods thrust the teeth of the bit J 
into the rock and compels them to bite; hence, the bit does I 
not turn until the torsional stress in the tubes is sufficient to I 
overcome the resistance of the rock and start the bit to , 
rotating. Thus it will be seen that the cutter does not 
begin to act as soon as the drill rods begin to turn; on the 
contrary, the rods must be twisted considerably before 
accumulating sufficient energy to overcome the bite, but 
ttie moment the strain on the bit exceeds the resistance of 
"le rock, the cutter springs around the groove until it is 
tirought to rest by the opposition of a new bite. When the 
i^itter thus stops, the continued turning of the machine 
^ts up a new partial force that accumulates energy in the 
oriil rods until the rock is again forced to yield, and the 
cutter is once more turned with rapidity. The fragments 
w rock as they are broken off by the cutter are carried J 
ip between the core barrel and the hole and deposited in j 
'he calyx. The object of this calyx is to take care of , 
these grindiiigs; they are not pumped to the surface, nor 
«0 they remain in the hole to jam the bit. It is claimed , 
that by this method of drilling, a hole has never yet 
t'^en lost. The calyx answers also as a sort of a double 
'■^cord, for when the core will not hold together the drill 
•buttings are saved in the calyx, where with ordinary 
sludging pumps they are mixed up and deposited at the 
Surface. 
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67. The Core. — The core drill cuts a groove in the rock 
and brings up the central portion when not too soft, so that 
the driller can tell through what character of ground he is 
drilling. This cutter furnishes a large core, which it will 
bring to the surface. In case the rock is too hard for the 
tooth bit, a special bit is used and chilled shot placed in the 
bottom of the hole. This shot has various sizes and is of 
such hard material that it will scratch glass. The chilled- 
shot method of boring has proved quite successful; the 
makers of the calyx drill say that there is no rock in the 
earth's crust so hard that it cannot be drilled at a payable 
rate by this method. There are limitations to the chilled- 
shot method of boring; for instance, chilled shot will not 
drill past a rock crevice, for the shot will go into the crack. 
Should such obstructions be met, the tooth bit takes the 
place of the shot bit until the crevice has been passed, 
when the shot bit is substituted for the tooth bit. When 
drilling with shot the rock grindings are deposited in the 
calyx without pumping with such force as to wash the shot 
from beneath the tube, which would be the case if the 
grindings had to be washed to the surface. 



CHAP3IAN BORING OUTFIT 

58, The Chapman boring outfit is somewhat similar 
to the calyx, but uses as a drill rod a pipe of the same diam- 
eter as the hole being bored. It does not save the core, and 
everything drilled through is washed to the surface. Fig. 49 
shows one of the Chapman reversible rotary drilling machines 
that bores a hole, sinks the pipe, and connects the well 
casing. The drill rod revolves on ball bearings in the swivel 
hook a. The jaws b grip the pipe so as to turn it and at the 
same time permit it to sink as the hole is deepened. The 
machine is made reversible for the purpose of connecting 
the boring pipes quickly, as this is necessary in sinking 
through quicksand. It can be seen that the grips are on a 
table provided underneath with a bevel gear-wheel c^ which 
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meshes with beveled gears (/ on the shaft e. This shaft is 
driven by the sprocket wheel g, to which suitable power is 
attached. Water for washing up the borings enters the 




pipe i from a pump and passes down the bore pipe/, out 

under the drill teeth, and thence up the sides of the pipe to 

the surface. Wells have been sunk by this process of the 

American Well Works to a depth of 3,067 feet. 

pin case the drill bole meets rock too hard for the ordinary 

(tter, a smaller drill with bore rod a. Fig. 60, is placed inside 

& regular bore rod b. In the bottom of this hole is placed 

toise very hard material termed adamantine, which is moved 

around by the drill bit c until it cuts out a core. While this 

operation is going on water is passed down through the bore 

rod in sufficient quantities to wash out the cuttings without 

Washing out the adamantine from under the bit. The bit is 



ROCK BORING 



frequently raised from the bottom to permit the a 
to work down to the bottom of-the hole, when the ' 
of tJie rods holds the material 
surface being cut. The adam 
engages with the object and is ( 
af-und with the drill, thus cuttii 
more brittle rock. When a sul 
core has been cut, the core ext 
removes it. This system is som 
used to recover a string of tools 1 
an American percussive oil-well i 
1 he rapidity of the work < 
Chapman drill depends very larg 
the skill of the operator and thi 
judgment he exercises. It al; 
pends somewhat on the pipe us 
smking the well. Standard wr- 
iron, steam, or gas pipe is much 
suited for the work than the che 
called steel pipe that is put on th 
ket to take the former's place, w 
does in many cases, but not for 
well boring, since it is liable to br 
and thereby cause considerable 
111 removing the broken section 
■'^ ~ further work can be done. 

There is a great deal of tors 
thL 1 iUft iul as the well deepens, and as the po 
applied on the upper end and the resistance comes i 
extreme lower end if any hard strata are encounterei 
the hole reaches considerable depth, great care m 
taken to prevent the cutting tool at the lower end f 
its way too rapidly into the strata, as the boring rot 
not then be able to stand the strain. The weight 
boring rods is adjusted by means of a rope tackl< 
derrick above the hole. 

There are attachments that connect at the uppt 
of the boring rods to allow thein to turn freely, and s 
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are used according to tlie diameter of the well. Conse- 
quently, the larger the hole, the greater must be the water 
supply, and the largor the water supply, the more hose con- 
nections are required. In soft formations, where it is not 
practical to remove the pipe from the hole after it is once 
sunk, water must be forced down on the inside of the pipe 
continually until the pipe reaches the entire depth, since if 
the water is shut off at any time, the pressure from the 
different strata is liable to close in around the pipe and pre- 
vent its being again moved and also prevent the water's 
being forced up on the outside. An experimental hole was 
put down in California to a depth of 1,500 feet in 7 days and 
7 nights continual working. In tiic same vicinity there were 
several of the American well drilling rigs that had been 
working for 12 months coiitijiually, none of which had been 
successful in drilling a hole but a trifle over l.SOO feet in 
•^epth. In the oil fields at Corsicana, Texas, a number of 
Wells have been sunk with an average of from 900 to 1,200 
feet in from 3i to 36 hours. While 'the Chapman rotary 
system was not designed for working through hard-rock for- 
niations, although considerable hard rock was encountered 
in the Beaumont field in Texas, drillers have been able to sink 
through rock which heretofore they did not think the system 
Was capable of boring. 



BORING Wirn DIAMOND DRILL 



UCTION 

9. The first diamond-drill hole in the United States 
*^s put down in Northeastern Pennsylvania for the purpose 
"^ prospecting for anthracite. Its usefulness was demon- 
strated to such an extent that it came into general use for 
P''ospBcting purposes where a rock core of the ground drilleif 
through was desired. The principle of diamond-drill boring 
js based on the fact that diamonds are the hardest of mineral 
substances and their abrasive quality when moved over other 
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minerals. If, then, diamonds are set in one end of a cylin- 
drical bit and rotated horizontally, the bit will wear away 
any other mineral with which it is in contact, and leave a- 
cylindrical core of the mineral, which will protrude upwards 
inside the bit as the latter sinks into the mineral. The dril^ 
shank is lengthened by additional pipe rods so that de^P 
holes may be bored. 



[\\. - 




60« The Diamond Bit. — One advantage in using t 
diamond bit is that it brings a core of the material pass^^ 

through to the surface. Fig. 61 shows* ^ 
core bit having diamonds arranged aroux^^* ^ 
the outer and inner periphery of one e^'^^ 
of the cylinder so as to cover its enti :^"* 
face area when revolving against roc^ 
The bare bits are made of soft steel, wi 
Pig. 61 a thread at one end. 

Two kinds of diamonds — carbonados and borts — are u 
for diamond-drill work. The carbonado is found in opaqi 
nodules of irregular shape, black on the outside, and 
various shades of gray when broken. It has no cleavaj 
planes, differing in this respect from the brilliant, and 
thus especially fitted for diamond-drill work in hard rod 
for the carbons simply wear away gradually without spli 
ting or cleaving. The dort is a semitransparent stone, le! 
tough than the gem and has a different crystallizatioi 
which makes it apt to split along its cleavage planes. 
soft rock borts may be used, but it is customary in mediut^^^^^ 
rock to use both borts and carbonados. 





61. Xumber of ]>lamonds In Bits. — The number 

diamonds required for a bit depends on the hardness of th 
rock and the diameter of the bit. A bit 2 inches in diam^- 
eter should not have less than 12 diamonds, and more if th 
diamonds are of small size. Bits carrying 4 diamonds o 
the outside and 4 on the inside wear out the metal more o 
one side than the other, because the drill rods, when length- 
ened, have a spiral movement, and being rapidly turne 
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e !Q the same place with more or less force due to 
wabbling; this allows the metal to become worn away and 
thus lessens the quantity holding the diamonds, where if 
there were more diamonds this would not occur, as has been 
proved by experiment. With proper setting the actual wear 
on the diamonds is very little, and the expense from this 
source is very small. There should be one bit always in 



SETTING DIASfONT>8 IN THE BIT 

62, Tools used for setting diamonds are small chisels, 
punches, a light hammer, and one or two small drills. The 
smallest chisels are not over -^ inch in width on the cutting 
edge. The largest flat chisels are rarely over f inch on the 
cutting edge. The setter first examines the diamonds and 
determines the best cutting edge and position for each 
Btone. The size and character of the stone somewhat 
determines the number of diamonds required in a bit. 
I-UXe bits are frequently set with from 12 to Id stones 
and sometimes small bits are set with only 6 stones. The 
diamonds should be picked out with special attention to 
their place in the bit and a uniformity of size and weight. 
This latter point is important, for a small stone set with a 
number of large ones will become insecure in its setting and 
"Ecessitate the resetting of the bit long before the other 
stones require it. As a general rule, four of the strongest 
stones are picked out for the outside. The bit is placed as 
shoffu in Fig. 52 («) and divided, say, into 8 equal parts, 
*hichare marked with a punch. Four outside stones arc 
placed in pairs ou lines at right angles; four inside stones 
^c also placed in pairs so that ttiey are on lines at right 
^S^s. Laid out in this manner and carefully set the bit 
™ be balanced and cannot but run smoothly and true. 

^er selecting a stone for a certain position, a hole is 
drilled in the bit with a twist drill smaller than the iitone to 
^set, as shown in Fig, 53 (c) at «; then by the nsc of the 
^'''all chisels and calking tools, the metal of the bit is 
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chipped away to conform as closely as possible to the size 
and shape of the stone, as shown at b and c. The stone 
should set perfectly; that is, it should be up to gauge of the 
bore hole on the face of the bit. as well as on the side. 
After the cavity has been properly formed, a stone is put 




into place by means of calking tools and punches, anci 
metal of the bit drawn around the stone, fastening it firmly. 
Two heavy chisel cuts are usually made a short distance 
from the stone across the face of the bit, as shown in 
Fig, 52 (b) at a, knd these are used as starting points from 
which to draw the metal toward the stone. 

In calking the metal, care must be used not to throw the 
stone out of position, either by crowding it down and to one 
side or forcing it too high on the cutting face. A little time 
exercised in this particular when first learnii]gis well spent. 
The thumb and forefinger hold the calking tools and the 
little finger, or the fourth finger, holds the diamond in 
position. While the diamond will stand very heavy steady 
pressure it is easily shattered if struck with the hammer or 
by a glance from the calking tool. Care must be taken, 
therefore, both in setting and in cutting out a diamond 
from an old bit, not to strike it; probably more diamonds 
are ruined in this way than by drilling. The metal is next 
calked evenly all around the diamond; the metal is not to 
be calked closely on one side and then on the other, but it is 
to be worked carefully around the stone, thus bringing^ it 
together in a body as close as possible. If the stone is so 
irregular that in order to get 'it in place in the bit it is 
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necessary to cliip away a large amount of metal so that 
ihere is not sufficient nieta! to fill in, a small piece of copper 
or loiigh wrought iron can be used for filling in, and thus 
leave enough meta! to permit the stone to be calked into 
plate, When setting the inside stones, it is well to take a 
small piece of tin or sheet iron and cover the face of the 
bit and the stones that have been set opposite the stone 
being worked on. This will often prevent the breakage 
of a stone through the slipping of a hammer or a tool. 
A diamond with the face drawn up around it is shown in 
Fig;. 5i (i) at b. 

The proper amount of clearance to give the stones will 
depend on the character of the rock. For very hard rocks 
ihat hold together well, a clearance of ^j inch on each outside 
stone, making j'g inch for the full diameter, will be found 
sufficient, but in drilling soft rock, -^ inch, and frequently 
more, is necessary. After the diamonds are all set, water 
grooves should be cut across the face of the bit and down the 
outside, as shown at ^, Fig. 52 (b). These should be large 
enough so that the drill cuttings can easily be carried away 
by the flow of water. If the water grooves are not made 
sufficiently large, the metal of the bit is worn away from 
the diamonds and the stones become loose and unsafe 
before they should. The bits should be carefully examined 
*ach time the rods are pulled up, and when the metal shows 
signs of wear, it should be carefully calked back around the 
diamond. This examination sometimes shows that the 
diamonds do not cover the cutting face properly. In such 
'^Mes it is best to set in a small stone, to reenforce the sel- 
ling tor the time being; but when the diamonds are cut out 
and reset they should be arranged to cover the face being 
■^"t. To cut the stones out after the bit has become worn, 
''abetter to take a hack saw or file and cut across the face 
I'' the bit close to the stone and drive the metal away from 
"ithan to chip with the chisel until the stone is released. 
An experienced driller will be able to tell if one of the 
diamonds comes out of the bit from the jerking motion of 
tlie drill rods as they turn. 
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FISHING FOB LOOSE DIAMOIITIW 

03. In Fig. 5'i is shown a fishing tool for loose diamonds. 
This to<jl goes on to the end of the bore rods or special rods 
and is lowered into the hole. It has clearance 
for water, the object of which is to drive sedi- 
ment away from the bottom of the hole an<l 
permit the wax a in this bit to reach the di3-- 
mond and recover it. 

It frequently happens that diamonds beconc** 
wrenched from their setting and remain in tt»® 
hole after the rods are withdrawn. It won 1 " 
be unsafe to continue drilling until these lo ^^ 
Htones were removed from the hole, for th^==^ ' 
Fin, u would probably wrench other diamonds fro^^ 

tb*: bit and cause a great amount of damage; hence tb^* 
l*r«tloi[i of the hole must be cleaned out and the diamoncr:^ 
fft'oviri:'! hy ini;:tns of a mass of soap or wax fastened intz^^ 
il><: tui\ of the rods, which are then let down the hole, Tt:^* 
'liarnori'ts, toi^ctlier with any other small pieces of rocko -^ 
\\\-. li^jHorn, adlii;rc lo this mass and can be drawn out. A-^ 
li/(i':i \\\-xt: is 11 stump core left in the hole, and cons^^ 
ijii':iiljy tin: ah')V(; method becomes impracticable. In suci - 
a '.;isi: ii may lj<: necessary to use a percussive bit and cho^ * 
\\\> tin; stump of the core and the diamonds, after whict 
tli<:y arc washitd out by a current of water, or they may b^ ' 
recovered, as before stated, by means of soap or wax. 



DItll.LINU Ol'ERATIOK 

(H. Kig. .'i4 shows tlie bottom of a diamond-drill hole iw- 
plan ami sc<:tiijri. Tlie core tT is formed by the bit cutting' 
out tin: annular space A S, In order to bring this core to 
the surface, some device must be provided for breaking it 
off at the bottom and for holding it in tlie tubes while it is 
being hoisted. The core is'broken and held by a core 
lifter, Fig. Ofl, which consists of a ring so constructed that 
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^^ip the core near its base whenever the rods are 
. The core lifter fits into a tube, Fig. 56, termed a 






' sheli, BO grooved that while it allows the core lifter to 
down over the core it will not permit its being raised, 
less it brings the core with it. 

15. Fig. 57 is a vertical section through a diamond-drill 
s. The stand pipe », which is provided with a shoe o, is 
(■en into the ground until it reaches bed rock, for the 
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purpose of protecting the dn 

The casing m is put down t 

the upper formations, witicb I 
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rtwed on the lower end 

II The water that is 
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66. Pulliug: Up Rods ami Pipe. — For hoisting the 
rods a simple tripod made from three sticks of timber 20 to 
30 feet long, joined at the top, and having a hoisting block 
l^^^v swung from the joint will answer 

^^^H /T\ unless the hole is to be very deep, 

^^^P /j\\ when some more elaborate structure, 

^^^* /Htm such as the special steel tripod, 

I /JJlaL shown in Fig. 58, or a wooden der- 

rick, may be used. 

When it is desired to pull up an 
old casing or stand pipe, it can some- 
times be done by 
means of an ordinary 
hoisting drum and 
rope; in other cases, 
it becomes neces- 
sary to put clamps on 
the casing and use 
jack-screws to pull it 
from the ground. By 
using sufficiently 
heavy screws, it is pos- 
sible to exert a force 
that will part the 
casing or stand pipe if 
is too firmly embed- 
ded in the material, 
and then only a por- 
tion of the tube would 
wvered. When the drill rods must be raised for the 
Action of the core or the renewal of the bit, the hoisting 
plug, shown in Fig. 59, is screwed on the end of the rods. 





67. The Differential Feed.— That the diamond bit may 
cut properly, it should not be forced against the rock with 
too great pressure while it is being fed forwards, for this 
reason the machine that operates the drill rods must be 
provided with some form of feed mechanism. 
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In the diirerential feed, the upper length of rods is p*^ 
vided with strong square threads and passed through a r^ ^t 
that is rotated in the same direction as the rods, but r:M-oi 
quite so rapidly, thereby causing a differential movemec^^^t. 
To understand the principle of the differential movemer:^t, 
suppose the nut was held stationary, and that the rod and n "^it 
have each 2 threads to the inch, then for every two revol ^i- 
tions of the rod the bit would advance 1 inch, which is 
altogether too much cutting for the diamonds to do in ti^^o 
revolutions of the drill. Now, suppose again that the n-iJt 
makes, say, 59 revolutions while the rod makes 60; the t>it 

will advance only — '^ — = ^ inch, or j^^-^^ = j^ inoh 

for each revolution of the rod. Thus it is seen that a very 
small advance per revolution of the bit can be obtained t>y 
the above principle, and yet strong threads can be used to 
support the entire length of drill rods. 

If the differential feed were not provided with some means 
of release, it would produce an enormous pressure whenever 
the bit encountered a hard formation. For this reason tl^^ 
feed mechanism is driven by an adjustable friction devi^^ 
that allows the driving mechanism to slip with reference to 
the feed mechanism whenever the pressure on the bitbecorn^^ 
too great. This slipping has the effect of giving the bi^ ^ 
finer feed in hard rock. Most machines provided with difl^^' 
ential feeds have several sets of gears, by means of which t^^ 
feeds can be varied without having to depend on the slip ^ 
the friction device to produce finer feeds, this being intend^ 
only as a safety device. 

68. Pressure Indicators. — In order to show the pr^^' 
sure on the bit, some machines are provided with thn^^ 
Indicators, so constructed that the thrust of the rods ^^ 
received by the piston working against some liquid (usua.ll^'^ 
glycerine), and the pressure on the liquid is shown by mea^^^ 
of a gauge. 

If the pressure on the bit rises, the gauge shows the drills ^ 
that the bit has encountered a hard formation, and he reduc^^ 
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Be feed by throwing in a different pair of gears or by chan- 
gingthe adjiistment of the friction device through which the 
feed is driven. 



89. The Hydraulic Feed In the hydraulic feetl, the 

pressure on the bit is produced by water acting on a piston 

in a vertical cylinder, and it is possible to observe at any 

instant the pressure on the bit by means of a gauge on the 

cylinder. Consequently the driller can regulate the advance 

of the bit to the very best advantage. For 

instance, if the rock is hard the bit will 

advance slowly and the pressure in the 

cylinder rise, while if the rock is soft the 

bit win advance rapidly and the pressure 

in the cylinder fall. In the former case the 

driller lessens the supply of water, and in 

the latter case he increases it, keeping the 

proper pressure on the piston and rods. 

The water below the piston prevents 
the bit from sudden and rapid advance i 
<^e it is passing through a crevice or soft 
place in the rock, and in this way greatly ' 
protects the diamonds from sudden shock 
and possible displacement. 

Pig. 60 shows a longitudinal section of 
31 hydraulic-feed mechanism, in which 
'he Water passages and the functions of 
the valves can be seen. The drive rod d 
's Connected to the drill rods by the chuck 
"""clamp /, and rotates within the hollow 
P'ston rod k, being supported by the ball- 
hearing collar i within the case c. Water 
's forced into the drill rods through the 
P'pe a and the swivel k. In order to 
increase the pressure on the bit, it is nec- 
essary to open valve s wider or close w ^"^- ™ 
^mewhat, while at the same time v may be closed a little and 
' slightly opened. If, however, there is too much pressure 
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upon the bit, the operation is reversed; the water j:» ^sse 
into the cylinder through r and out through the va.X "^e ' 




70. Fig. (II shows a diamoiul driliinjf machine having- -^^ 
engine with two cylinders //, H on opposite sides of t-*^ 
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I engine frame. This engine may be reversed by means of 
I the reverse lever /, The large gear K is used to drive the 
I hoisting drum L, but it may be driven at different speeds 

[ by means of a series of change gears, not shown in the ! 

figure. The hand wheel J is used to turn the engine shaft 1 
and gearing when it is desired to throw in a different series u 
[ of gears for the operation of the hoisting drum. The feed I 
I can be changed by means of tlie handle t*, which throws in I 
any series of the gears A or throws them all out. Thel 
roller bearing M receives the thrust, and is so arranged^ 
'hat it registers thrust in either direction by means of ths I 
thrust gauge B. The chuck TV at the bottom of the feed- . 
Sere w D fiolds the drill rods and drives .them. The swivel G 
Connects the water-supply pipe F to the drill rods E. 

T l^ere is a thread on tlie upper end of the feed-screw D, so 

•^"^t another chuck can be placed on that end of the feed- 

^^'"^W; or the chuck N may be placed at the upper end of 

^'^^ feed-screw when drilling upwardly inclined holes. This 

"■"'ll is provided with a swinging head. There is a latch 

*-**t O^ which can be loosened, afld on the opposite side of 

"^ head there is a similarly constructed hinge. By means 

this device the feed mechanism, driven by means of a 

^^'^ of bevel gears P, can be swung from over the hole. 

*ien the mechanism is swung from over the hole, the 

*ilir,g mechanism is thrown out of gear, so that the engine 

y be used to operate the hoisting drum L for removing 

''ods from the holes. 



the 



• X- . Donble-Cyllnder HydraoUc Feed. — Fig. 63 iUus- \ 



_ ^^^s another form of machine, which has a capacity for " 

^I'itig to a depth of about i,000 feet. It is provided with 

'^^^uble-pyliniler hydraulic feed and has a fixed head, 

, '*^ing it necessary to remove the machine from over the 

a ^ for changing the rods; this necessitates some form of 

^.^^ifcle or telescopic joint in the steam and exhaust pipes. 

L ,*^ is accomplished by means of a bracket C, which 

'^s the steam pipe A and the exhaust pipe B, so that 

the drill is moved backwards or forwards, the pipes 
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connecte'1 witli the engines work in and out through tt^^ 
stuffinfrboxes shown in the illustration. The gearing £"*=>' 
ehantring the speed tif the hoisting drum D can be seen ^*- 
the l>ack of the machine. When the large gear E on t^Mr~x 
shaft carrying the hoisting drum is geared with the sm^^ 
pinion /'" on the enjjine shaft the drum will be driv^^s 
rapidly; on the other hand, if the gear F is brought in^^ 




mcHh with the gear G, and the pinion // into mesh with the 
gear /;', the drum will be driven slowly. When the drum is 
driven more slowly )>y the same engine, it has greater lifting 
power. The small hand wheel K is used in turning the 
engine shaft so as to bring the gears into mesh. The dif- 
ferent combinations of gearing cannot be changed while the 
machine is running. 
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?S. PortaWe Drills. — Small portable drills with 
rine, pump, and drum are mounted on wheels for trans- 
•tation. These machines are useful when it is desired to 
11 a large number of comparatively shallow holes in the 
ne locality for testing the extent of a deposit. 
Z>iamond-drill-machine makers have a number of different 
les of portable drilling machines from which to choose, 
d since they are continually adding minor improvements, 
d the machines do not in themselves differ from those 
scribed, their description is omitted. 




^- Hand-Power Diamond Drill. — Pig. 63 shows a 

"^otid drill rigged to be tiiriied by handles. This machine 
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may be adjusted so as to drill at an angle, and if poweK" is 
handy the handles may be removed and a puUy substitut^^i- 
Power driving is in every way more economical and sat is- 
factory for such work, even when above ground and in s<^f t 
formations. The machine shown is apt to kick back w1b.^i^ 
boring at an angle unless the legs are heavily weighted. "TTo 
remove the drill from the hole, the setscrews on the legs atx^^ 
loosened and the lower collars slipped down the legs, taki 
the machine with them; the upper collars are left in placr 
so that the machine can be centered over the hole whe 
drilling is resumed. Water may be fed to the drill from 
tank or a hand force pump, as is most convenient. 

74. Electric Diamond Drill. — The increasing employ- 
ment of electricity in mining operations has opened a new 
field for the diamond drill. One of the difficulties hereto- 
fore in the w^ay of diamond-drill prospecting in rough, 
mountainous localities, has been the lack of suitable power 
for the machine, as the nature of the surface of the country 
at times makes it impracticable to get heavy boilers and 
machinery close to the ground to be prospected. Even 
where this could be done, there remained the difficulty and 
expense of transporting fuel to the boilers, if the mine open- 
ing was located, as often happens, on a steep declivity where 
timber was scarce. In case prospecting was to be carried on 
underground, a further difficulty would arise where com- 
pressed air was not used as a motive power, from the fact 
that steam underground is "unsatisfactory for power and 
uncomfortable for the men; besides, it is liable to be a 
source of expense, owing to the damage exhaust steam 
causes to the mine timber. 

To overcome these objections, electric diamond drills 
have been designed, which will permit core drilling to be 
carried on in places where it has hitherto been impracticable. 
The dynamo can be located near an engine or water wheel at 
any distance and the power carried easily to the drill, which 
can be situated on the mountain top, in a deep shaft, oi in 
any part of the mine. 
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Numerous styles of electric diamond drills have beenl 
devised, diflfering chiefly in the arrangement of the dynamo. 



the <a 

Fig: 
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'illing machine proper being similar to those mentioned. 
^i shows a diamond prospective core drill at work in 
ler Mine, Aspen, Colorado. 
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. Preparation for Siirfaoe Drllllug;. — Having 

"""^^ted the location of the required hole, arrangements 
, ^t be made for an ample supply of water for the use of 
^riil and the boiler. Next, the stand pipe must be sunk 
^^d rock. In the case of fine sand or very soft material, . 
'^** as occurs in swamps, the stand pipe may be driven to 
. *^ rock without any trouble, and a jet of water may be 1 
'■'"oduced to flush out the material as the pipe is driven ' 
^ti. In the majority of cases, the drift contains a greater 
less number of boulders, which interfere with sinking the 
pipe. 

Where the drift does not exceed 16 feet, it may be best to 
**cavate to bed rock and carefully plumb and secure the 
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stand pipe, the excavation then being filled and the drE 
placed in position. If the drift material is thick, and esp^ 
cially when it contains large quantities of quicksand c: 
water, which would render excavating difficult, it is neces 
sary to drive the stand pipe. If* boulders are encountere- 
they are drilled into and blasted ; a hole of sufficient size t- 
alLow the introduction of the stand pipe may be drillet 
through a very large boulder. This drilling is usuall; 
accomplished with a percussive bit fastened to the end o 
the ordinary diamond-drill rods, or to rods somewhat heaviei 
especially provided for this purpose. 

At times it will be found more expeditious to use t 
portable American well-drilling rig and tools for sinking 
the stand pipe. In case the stand pipe should break 
while being forced through ground containing boulders, 
it will be necessary to pull it up and begin again. The 
stand pipe must be tightly jointed into the bed rock tc 
prevent the loose material going into the hole, or the 
water used for drilling going out at the joint. Specia! 
rigs are furnished with diamond drills, by means of whicl 
stand pipes may be put down through ordinary drift 
material. These consist of pod bits, auger bits, per- 
cussive bits, casing bits, etc. In. many cases it is quickei 
to put the stand pipe down with the rig provided with 
the drill than it would be to employ a special rig of an) 
other type 

76, Drilling Pit. — Where it is desired to drill fan holes, 
that is, several downwardly inclined holes from the sam( 
point, it may be well to sink a small pit and locate the drill 
ing machine on the bed rock. The advantages of thii 
method are: (1) No stand pipes are required for the severa 
holes. (2) Flatter holes can be drilled than would be th( 
case were the drill placed on the surface; this applies t( 
cases where the drift material is 20 feet thick or more 
(3) There is no delay between the drilling of successiv( 
holes ; that is, after one hole is drilled there is no waitinj 
for the next stand pipe to be driven. 
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The disadvantages are: (1) Even if the shaft or pit v 
dry, a pump will be required to remove the water from the 
pit, because the drill water is present if the pit itself is dry. 
(2) "When operating at the bottom of a pit, there is not 
sufficient space for quickly handling the drill rods. (3) If 
the drill is driven by steam, the boiler being on the surface, 
will require the steam to be carried some distance. 

TT. Drllliiig.— After drilling is commenced it is con- 
tinued night and day until the work is finished. The work \ 
is carried on in two shifts of 13 hours each. If the hole is . 
coixip.iratively shallow, not over 700 feet, and the formation 
"**t extra hard, four men comprise the drilling crew, the | 
head driller acting as foreman during the daytime and set- 
tin^ bits while the machine is running. He has an assist- 
ant who acts as fireman. At night the assistant foreman j 
•"Whs the drill with the aid of his fireman. 

^Vhile drawing the rods from the hole one of the men 1 
&*^^^ on top of the shanty, or up into the derrick, the other 1 
f«irnaining at the collar of the hole, 

I n case the hole is deep or the material very difficult to I 
H through, five men comprise the drilling crew, there 1 
ng two foremen, two firemen, and a chief driller. In ' 
'f'i^ case the chief driller sets the bits and has general over- 
^*S:Vit of the work. One of the foremen and his fireman i 
**F'^^r-ate the drill at night, and the other two during the I 

^^^any large mining companies that have a number of 1 
•^ills in operation keep a man employed setting bits for j 
**^«-Q, in which case each drilling crew is comprised o£ four n 

•' 8. Casing. — The stand pipe is of larger diameter than 
*-ne: drill rods, so that if it is desired to use a casing pipe, it 
^^*^ be put down through the stand pipe. One advantage of 
* biasing is that the drill rods fit more closely than they do 1 
^"^ stand pipe, and hence the hole will be started mora | 
^'^dirately; that is, the tendency to drift out of the vertical •, 
■^^ the start will be reduced. 
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After the hole has passed through a portion of the rock, it 
may encounter loose material, which must be kept out of 
the hole, and this requires that the casing be continued 
through the troublesome formation. To accomplish this, 
any casing in the hole is pulled up and a reamer intro- 
duced, which enlarges the hole down to and through the 
bad ground. The casing is then introduced and keeps the 
hole free from the troublesome material, while the work 
proceeds as before. To avoid reaming, a smaller casing 
may be introduced inside of the diamond-drill hole, the 
work from this point on being continued with a smaller bit 
than that with which the first portion of the hole was 
drilled. At other times expanding bits are used to cut the 
rock away from underneath the casing, and thus allow it to 
follow the bit down. 

79. C'hanwrc»H In the Machine Si>eed.. — In case the 

machine increases in speed when drilling it is a sign th-^^ 
eitlier the bit has cut into a softer formation, thus reduci^^^ 
the work and allowing the machine to speed up, or the dr^^' 
rods have twisted off. In case the latter has occurred, t^ ^^ 
flow of wash water will be very much increased, and *' —^^ 
pump will have a tendency to race. 

In case, the machine slows down, the drill has either 
into a liar(l(*r formation, thus throwing more work upon 
bit and llu! (tn^incs, or the core has blocked or wedged in t- 
corc barrel and is being ground to powder, in place of 
ing up into the barrel as it should. The driller's experiei 
will usually tell him which of the two has occurred. 
f:as(: the core has wedged in the core barrel, it may cut 
the flow of the wash water, thus causing the pump to labd^^^^^' 
At times this wedging or blocking of the core may fr "^^ 
itself in a few moments and the work continue as usu^^^ ' 
while in other cases it is necessary to pull up and inspe -^^^^^ 
the condition of the bit and core barrel. If the drillen^^^ 
experience has shown him that the bit should drill a certa. ^^ 
distance in ordinary formation before it becomes dull, slt::::^ 
this slowing down comes after it has. drilled but a sms^^^ 
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I traction of that distance, it is .very good evidence that the 
■ rare barrel has become blocked. 

I 80. Side Friction. — At times, gravel, sand, or bits of 

I rock from the formation passed through get into the hole 

I and block the rods. If, upon lowering the rods into the 

I hole while they are still suspended (that is, with the hit off 

I the bottom), they rotate with difficulty and in a jerky man- 

' oer, it is evident that such obstructions are present, and 

they must be removed either by casing the hole throiigh 

the troublesome formation or by flushing out the portion 

then in the hole and seeing if any more accumulate. At 

times, this side fi-letloii is caused by the sliding of loose or 

slialy rock against the rods; under such circumstances the 

Jiole requires casing. 

81. Waslilngrs. — The washltidrs brought up by the 

■%va.ter are not all bit cuttings, for while passing through 

Soft formations the rods wear more or less material from the 

sides of the hole. Any change in the character of the wash 

indicates that the drill has passed into a different formation. 

Sometimes tests are made to see how long it takes the 

water to pass down the rods and return. This is accom- 

plisiied by circulating candle grease or coloring matter 

through the pipe and hole. 

83. Parting of tbe Rods. — The drill rods may be 
Parted by breaking; by the thread in a coupling becoming 
^^'"ipped; by a coupling unscrewing while the rods are being j 
''^ised or lowered; or by the safety jack that holds the rods I 
*-t the surface during the process of raising or lowering 
giving way at such times as the hoisting gear is uncoupled 
from them. 

It the rods drop when tliey part, the diamonds are liable 
to be smashed. 

The lower portion of the diamond-drill hole usually con- 
tains more or less mud, and if lost rods are allowed to 
remain in this mud, it may set like a cement, and render 
their recovery almost impossible. 



I 



18 ROCK BORING g 34 

83, Reaming. — Fig. 05 illustrates a reaming bit with 

a bevel face A, on whicii the diamonds are set. A few 
stones are also set around tlie periphery of the portion C, in 
order to maintain the diameter of the hole being reamed, 
A coupling that screws into the lower end of the bit is 
shown at B; to this one length of drill rod is screwed. The 





drill rod acts as a guide and keeps the reaming bit in line: 
with the hole previously bored. The upper end of the bic 
is so formed as to screw into the drill rods above in place 
of the coupling. 

Fig. 66 shows a fishing tap with the thread tapered 
throughout its entire length and flutes extended to the 
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shoulder. The hole through which the water passes extends 
to the point of the tap. The end of the tap has teeth cut in 
it like a rose bit. This tap is very useful where the weight 
of tJie parts to be removed are not too great, but being 
tapered throughout its entire length it has a tendency to - 
spread the piece into which it is screwed and hence to pull 
out rather than to lift the lost rods. Fig. 67 illustrates a 
tap constructed on a slightly different principle. In this 
case the point of the tap is formed like a drill and point 
reamer, and is intended for cutting its way into or through 
the jammed end of the rods. The hole for the water slops 
an inch or so from the tap, and from this point small holes 
are drilled from the flutes or between the teeth at the end 
■^f the tap into the main supply passage. Thus the water 
or other lubricant used during the fishing is furnished to 
the cutting edges as required. The portion B of the tap is 
tapered, while the portion A is straight. The result is that 
when a tap is secured nearly up to the shoulder it will form 
threads on the rods for a distance equal to the straight 
P'^rtion A, and hence the tap is not as liable to pull out as 
'I it -Were tapered throughout its entire length. 

Wishing taps are best adapted for screwing into couplings, 
■"^cause the metal of the coupling is thicker than that of 
'"^ tubes, and while a tap might take a firm hold in the 
coiipjjpg^ it would be liable to pull out from the tubes. On 
"^S account it is sometimes necessary to send down special 
*f>ols and cut off all the tube above the upper coupling, and 
then screw the tap into this coupling and draw out the lost 
'*'3s. At times fishing dies are used, which are screwed 
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the outside of a coupling, thus enabling it to be drawn 
■rn. the hole. 

.^■^. Recovering Lost Bits. —Figs. 68, 69, 70, and 71 

..'^strate a method sometimes employed to recover a lost 

, - It will be seen that the upper end of the bit A has 

J. ^'^me so jammed to one side that it is impossible for a 

^ing tap to catch hold of it. In such a case as this, it 

*^ld be necessary either to abandon the hole or to drill 
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down around the bit. Fig. 68 shows the original hole of the 
diameter B with the bit A at its bottom. Fig. 69 shows 
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F[i 68 Fia. es 

the hole after it had been reamed to the size Cdown to"l 

point E, where a casing bit has been introduced 
and the annular space H H shown in Fig. 70 
drilled down about the old hole. The core shown 
in Fig. 71 is then drawn up in the ordinary manner. 
It will be seen that this core contains the lower 
end of the old hole, with the lost bit at the bottom. 
After the lost bit has been recovered, the hole 
can be continued by using a larger bit or starting 
a small bit and using some device to keep the 
rods central in the hole. If this precaution is 
not taken, the hole may deflect rapidly from the 
perpendicular. 

If the rods have simply become unscrewed, it 
^o n niay be possible, by a little careful work, to screw 

them together once more and draw them out without the 

use of any special tools. 
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^^^* 85, Wooden FisMnia: Taps. — Sometimes lost rods may 
''6 recovered by using a block of dry, 
hard wood in place of a fishing tap. 
The wood A, Fig. 73, is screwed into 
the end of a rod B. The rod is then 
'owered down the hole and the wood 
driven into the upper end of the lost 
rods, as shown in Fig. 73. and water 
poured down through the rod A to 
swell the plug ; the two rods are then 
drawn out together. This method is 
very useful in recovering core barrels, 
'"'ts, or short pieces of rods ; the rod .4 
'^oss not turn while makinsf^ the 
coupi jj]g_ Sometimes the bit or core 
barrel may rotate with the fishing 
'3p and render it impossible for the 
'^P tr:» obtain a sufficient hold on the 



lost 



t*i€ce to faring it out, 



"^"Ci-uld a diamond dril! hole con- 
) much water that the plu] 




'^'"- so much water that the plug ''■" '^ P'"- ™ 

wom<^ swcW before it could be driven into the lost rods, that 
P°^*^'c»nof the wood projecting from the rod can be given a 
of paint, and after the wood has been driven into the 
^^^tr- rod water is poured into the upper rod. This acts 
upon the unpaiiited end grain of the wood exposed in the 
"^ ^> swelling the block and connecting the rods as desired. 
^'^ tien the lost rods become firmly wedged in the hole, it 
be necessary to unscrew them fay means of a left-hand 
"^gtap; in this case it is necessary to pin all the joints of 
rods used to operate them, uiiiess these rods are also 
pro-vi^jg^ with left-hand threads. 
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DIIIT.I.IXG RECORDS 

^*. Object of Drilling: Records, — In diamond drilling, 

. ^ rate records of the drilling should be kept. In average 

* "work it is difficuit to obtain a core of more than 9 
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cent, of the distance drilled. At the same time there ought 
to be no trouble in determining the thickness of any rock 
stratum to within a fraction of an inch, providing it does 
not exceed a thickness of 5 feet. The drill runner should at 
every change in the drilling make a measurement and note 
the depth in his notebook for comparison with the core. 
The chief driller should keep a record of all these measure- 
. ments and points of interest in regard to the core. The 
supposed or known drift of the drill hole should be recorded 
by the engineer in charge of the surveying. The core should 
be saved and arranged in its proper order in boxes provided 
with parallel grooves. These grooves may be made by 
simply nailing thin strips of wood in the bottom of the boxes 
in such a manner as to form narrow divisions. The depth 
should be recorded upon the core by labels and blocks on 
which the depths have been recorded inserted in the boxes 
between core sections. 



87. Accuracy and Speed. — In the case of shallow holes 
drilled to determine the thickness of a known formation, 
such as a deposit of iron ore, salt, or gypsum, it may be 
policy to push the work rapidly, as small discrepancies, 
caused either by drift or by the loss of portions of the core, 
are not of much importance, but when drilling deep holes for 
more valuable material, it !s important that the record of the 
formation passed through should be accurate; for this rea- 
son, it may be necessary to spend a great deal of time on 
the drilling. 

When the pressure gauge or the behavior of the machine 
shows that the bit has cut into a different formation, it may 
be advisable to pull up the rods and investigate the condi- 
tion of both the core and bit before proceeding. This is 
of especial importance when prospecting for the precious 
metals. 

It is important that the bit should rest on the bottom of 
the hole when drilling is commenced, otherwise time will be 
wasted while the machine is feeding the rods forwards to 
reach the bottom of the hole or the rods may be dropped 
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and the diamonds smashed. It is also important that the 
bit be carefully let down to the bottom of the hole, for if it 
were dropped the diamonds might be smashed. 

It is necessary that every portion of the apparatus be in 
perfect repair, and that the men in charge of the work use 
their utmost skill and caution in each operation, for if the 
men are not careful accidents will happen to retard the 
work, and possibly cause the loss of the hole. No one with- 
out considerable experience should attempt a deep diamond- 
drill hole. 

There is no class of work in which the old adage, "The 
more hurry the less speed," applies more fully than to 
diamond drilling, for when the men get in a hurry they 
are liable to drop rods, lose diamonds, let the hole run out 
of true, and do a number of similar things, a!) of which will 
result in a greater or less-delay in the work. 

88. Blze of the Hole. — As a general rule, it is best to 
use the smallest bit that can be conveniently handled, for a 
small bit means less cutting, less expense for diamonds, and 
greater speed in the work. For holes from 500 to 600 feet 
deep, bits of from Ig inches to l^ inches outside diameter 
arc used. These will take out a core of from |{ inch to 
1 inch diameter. 



89. The Influence of the Drlll-Hole Angle. — Verti- 
cal holes give less trouble than those which are started at 
an angle; for in the case of a vertical hole, the rods do not 
lie upon the bottom of the hole, and hence the drilling 
machine does not have to overcome great friction in addi- 
tion to the work of driving the bit. It is much easier to 
keep a vertical hole straight than a horizontal or an inclined 
bole, for the wear upon the core barrel and rods is very 
much less, and, as a consequence, it is easier to guide the 
bit than in the case of an inclined hole, for the rods imme- 
diately back of the bit can more easily be kept the full size. 
It is much easier to handle and change the rods in the case 
of a vertical hole than when drilling at an angle. 
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90. Rate of Drlllingr.— The rate of drillingr depends 
on the depth of the hole, the character of the rock, the size 
of the drill, and the power being used. It is rare that small 
drills used for prospecting to a depth of 700 feet about 
mines succeed in drilling more than an average of 8 feet 
per shift throughout the year, and yet some phenomenal 
records have been made for a short time — such, for instance, 
as the taking out of over 60 feet of core in 24 hours, or the 
boring at the rate of 30 to 40 feet an hour for a short tinne 
in comparatively soft material. This rapid boring is not 
always advisable, for reasons already stated. 



91. Cost of Drilling:. — Several tables are here given t^^ 
show the cost of diamond drilling: in various formation ^^ 
and it will be seen that these costs vary from less than $1 ^t^^ 
over *5 per foot. 



TABLK II J 



Ki:< <)ui>s OF ( osT im:k foot in diamond drilling 



/ 



7<>7 



Labor 

Fuel 094 ; 

Camp acfouiU 373 

Reixiirs i3() i 

Supplies ; .034 

Carbon 2()3 ■ 

vSuperinteiidencc.; .2^) ■ 

Total 



1 . 040 ' 2 



i.^49 3.024 




Notp:.— ./. 5 holes, l.OOG feet, sandstone and marble; B, 1 hol^^' 
1.293 feet, black slate and jasper; c', 3 holes. 478 feet, jasper, ver^ 
hard; /), 5 holes, THO feet, jasper, hard; A'. 1 hole. 216 feet, iron slated / 
/^ 1 hole, 174 feet, jasper and slate; G, 2 holes, 267 feet, jasper and 
slate; //, 3 holes, 41U feet, jasper. 



93, The cost of boring 2,0h4 feet of hole in prospecting 
the ground through which the Croton acineduct tunnel was 
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to pass is given as follows: Sli feet of soft rock (decom- 
posed gneiss) was drilled at a cost of Jl.15 per foot, at a 
daily rate of 23.1 feet; 347 feet of hard rock (gneiss) was 
drilled at a cost of ii3.97per foot, at a daily rate of 11.1 feet; 
9"i3 feet of clay, gravel, and boulders was drilled at a cost of 
. 14.0 7 per foot, at a daily rate of from, fij to 9 feet. The 
^e daily progress in drilling the entire 3,084 feet was 



|the Minnesota Iron Company's mines at Soudan, Min- 
nesota, the diamond drill is used for drilling holes from 
10 to 40 feet in depth in the back of the stopes, practically 
all the work being done in iron ore. The average cost per 
foot of drilling 13,613 feet of hole was *.7703, which was 
divided as follows: 

Carbons Ji.340O 

Supplies, oil, etc 0700 

Fuel 0400 

Repairs 0500 

pLabor 3703 

Total ».7703 



The follow 
^•^ mines: 



ng tables give the cost of boring at twoMichi- 



TABLE IV 

Total Cost 
Cost Per Foot 
biOOJ-days setter at |i3,00 «l,300.75■ 
days runner at 3.25 837.00 
1 230i days runner at 3.00 460. 5IJ 
[ 4i days laborer at 1.75 7 

Carbon, 68| carats, at $16.144 

Bits, lifters, shells, barrels, and repairs 

Oil, candles, waste, and supplies 

Estimated cost compressed air 

Total «4,478.07 11.195 



*13,506.10 


$.669 


$1,036.47 


.276 


433.81 


.115 


138.09 


.035 


374.(30 


.100 
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Number of holes drilled 28 

Drilled in hematite 193 feet 

Drilled in jasper 646 feet 

Drilled in mixed ore 986 feet 

Drilled in dioritic schist 1,921 feet 

Total drilling 3,746 feet 

Number of 10-hour shifts drill was running, 

including moving and setting up 603.0 

Amount of drilling per 10-hour shift 6.2 feet 



TABIiE V 

Underground drilling 6,075 feet 

Surface drilling 1,414 feet 

Stand pipe sunk 470 feet 



Total distance run 7,959 feet 

Actual drilling time underground 672 shif^^ 

Actual drilling time on surface 165 sbi^^^ 

Time of foremen, setter, moving, and stand 

piping 1,314 shii^^^ 

Total time worked 2,151 shii^^^ 

Average progress per man per shift 3.70 fe^"^ 

Average progress per drill per shift actually 

running 8.95 ite^^ 

Weight of carbon consumed Ill caJ^^^ 

Distance drilled per carat of carbon consumed 67.38 fe^''- 

Amount . Per F^^ 

Cost of carbon 11,887.00 $. ^^ 

Cost of supplies and oils 134.13 . ^ 

Cost of fuel 360.73 . <^^ 

Cost of shop material, etc 663.36 . ^* 

Pay roll 4,000.03 . ^' 



Total cost $7,045.25 
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93. Methods Adapted to Soluble Materials.— When 

drilling through soluble materials, such as salt furraatioiis, 
with a diamond drill, the core would be entirely or par- 
tially dissolved by the wash water if the ordinary methods 
were followed. This solution of the core may be partially 
or entirely prevented by using a saturated solution of the 
material through which the drill is passing, in place of pure 
water. 

94. Methods Adapted to Soft Materials. — Some ores 
are so soft that it would be impossible to obtain a complete 
core while using wash water, as the soft portions would be 
ground up and washed away, leaving only the harder mate- 
rial in the core barrel. The soft portions are often the 
most valuable part of the ore, and hence it becomes neces- 
sary to obtain samples for analysis. This may be accom- 
plished by running the drill dry, continuing the work until 
'he bit blocks or shows signs of blocking, when the rods 
"'ith the plug or core of ore that has forced its way into the 
core barrel are withdrawn from the hole. It is sometimes 
"^cessary to plug the upper end of the core barrel with a 
i'lece of wood to keep the water that accumulates in the 
rods from forcing the plug or core of ore out through the 
core barrel and bit while the rods are being drawn from 
^•le hole. 

When the drill runner encounters a body of soft ore, such 
^f hematite iron ore, this method of drilling may be con- 
tinued while passing through the ore body, or part of the 
"'Stance may be drilled in the ordinary manner, depending 
^^ any fragments of core that may remain in the core bar- 
""^'i the wash, and the behavior of the drill to indicate the 
^haracter of the deposit passed through. It is only the soft 
""On ores that give this trouble, for the hard hematites and 
^Sgnetites furnish good cores. By this method of dry 
"rilliag, sample cores may be obtained from any soft mate- 
"*1 that partakes of the nature of clay. 
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SPECIAL AUVAKTAOeS POSSESaBD BT THE DIAMOND 

95. A given formation can be penetrated much q 
with a diamond drill than with a shaft. The cost p< 
is much less in the case of drilling than in the case o 
sinking; hence, with a given amount of money, more 
can be penetrated with a diamond drill than by a sha 

When a prospecting shaft is abandoned for a short t 
fills with water, which has to be removed before the s 
can be continued, while if a diamond-drill hole is l< 
and the stand pipe or casing undisturbed, there is no e 
for removing the water from the hole before drilling 
resumed. If work in a shaft is stopped for a holiday c 
Sunday, there is always a stand-by loss for pumping, 
is avoided in the case of a diamond-drill hole on accc 
the fact that the water in the hole does not interfet 
the drilling. 




\ 



THE DEPENDENCE THAT CAN BE PLACED ON THE A 
ENT LOCATION OP ANY POrNT IN A 
DIAMOND-DItILL HOLE 

90. Dlppiitfc stmta. — When the diamond-drill ho 
the formation at an ang 
core may show the 
the strata makes wit 
center line of the hoi 
it gives no record as 
direction of the dip • 
strata. Fig. 7i sh< 
liiamond-drill hole p 
through an inclined str 
and Fig. 75 shows th. 
taken from the same I 
tion. During the ope 
of drawing the rods frc 
hole, it is more than 
'"°- '' ^'•'- " that tlie core will be 1 

from its original position, thus giving ni) idea as to the 

tion of the dip of the stratum. 
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©T. It was originally supposed that all diamond-drill 
holes went straight and true; and that no matter in what 
direction the hole was started, it would continue in that 
direction throughout its entire course, but as deposits dis- 
covered by the diamond drill were mined, the lower ends of 
the holes were frequently found along distance from their 
supposed positions. This variance led to a great many 
theories as to the cause of the drifts or change of direction; 
' some thought that the drill hole had a tendency to go across 
'lie rock formation, while others claimed that it had a ten- 
dency to follow the strata. In fairly hard and uniform 
"Material it was observed that inclined holes had a tendency 
to rise as they advanced, while vertical holes would some- 
'■nies take a spiral course or travel off to one side. 



\ 
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^ig. 78 represents a diamond-drill hole put down south of 
the ■■!)■' shaft of the Chapin mine in Michigaii. Aftefthe 
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shaft had been sunk and the drifts run out, the end o 
hole was discovered 96 feet above and 70 feet south ( 
supposed location. The dotted line shows the sup] 
course of the drill hole, while the full line shows its 

Fig. 77 illustrates the course of a vertical hole drilli 
the Hamilton Ore Company, and afterwards followed i 
in the construction of their No. 1 shaft. A is the loc 




of the hole on the surface, and B is the place where i' 
appeared 490 feet below the surface. The dotted 
show the course of the hole for the 490 feet that i' 
followed. 

98. Bore-Hole DHftlng. — The principles under 
this tendency to drift from the purposed course are si: 
and may be explained as follows: 

Suppose, for example, that it was desired to drill a c 
wardly inclined hole through a hard and uniform rock, 
as quartzite. The diamond bit is always of greater diai 
than the rods that follow it. If this were not the case 
\he bit were not kept absolutely to gauge, sooner or 
the rods would stick in the hole. If the rods were the 
size of the hole, it would be necessary to cut grooves c 
outside of them for their entire length, m order tha 
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water which is forced down through the inside to cool 
tlie carbons and wash away the cuttings might be allowed 
to ascend on the outside. The core barrel is sometimes 
made to fit the hole quite closely, being provided with spiral 
grooves on the outside, through which the water can ascend. 
For simplicity, suppose that the hole had been drilled for 
a few feet perfectly straight, and with its end perpendicular 
to the center line of the hole. Now, suppose that a full- 
sized bit with a very small core barrel and rods were intro- 
duced to continue the work. They would assume some such 
position as that shown in Fig. 78; that is, the bit, being of 
the same diameter as the end of the hole, would of necessity 
occupy a position practically concentric with that of the 
nole, while the rods, owing to their flexibility, would sink 
down into contact with the lower side of the hole. This 




action would result in throwing the face of the bit into such 

^ position that the plane of the end of the hole and the plane 

passing through the end of the bit would form an angle a be. 

**s the direction of the hole at any instant is perpendicular 

^"* the plane in which the diamonds rotate, it is evident that, 

*ith the rods in the position shown, the hole would have a 

tendency to progress along the line d e instead of along the 

^^ fs- In other words, the course of the hole would begin 

*" rise, and as the drilling progressed, this tendency would 

"^ntinue and the course of the hole would be constantly 

■ ascending. 
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Fig. 79 is a sectional plan (a) and elevation (6) of 
mond-drill hole illustrating this tendency to rise. 

J heavy lines A . 

the actual cou 
the dotted one 
the proposed 



99. Vertica 
The vertical 
not the o n 1 J 
dency to drift 
by the rods b 
,--'' (»/ s m a 1 1 e r di 

__,-''' than the bit. 

«'-'' ferring to Pig 

i''°- ™ will be seen 

the drill rods rotate in the direction of the hand 

watch, they will tend to roll to the right, into the p 

shown by the full lines. This would carry the p< 

Fig. 81, over into the position shown. Now, it w; 

that when the center of the rods at the point A d 

below the center of the 

hole, the course followed 

by the bit was an upward , 

curve. In like manner 

this rolling action tends 

to carry the rods to the 

right, and the point of 

the hole would deflect to 

the left, as shown in 

Fig. 79 (a). In drilling 

through hard rock, great 

pressure has to be put 

upon tlie bit to make 

the diamonds cut, and 

this pressure increases 

the tendency to drift by spri 

side of the h<.le. It lias hcci 
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outside of the core barrel may be forced into contact with 
the inside of the hole within 2 or 3 feet of the face of the 
bit, that is. when using small-sized bits not over 3 inches 
in diameter. Old or worn core barrels are sometimes as 
much as -f^ inch smaller in diameter than the bit; such a 
great difference in diameter causes the hole to curve very 
rapidly. 

Fig. 80 shows that as the rods roll to the right, through 
the distance E, their center is carried upwards through the 
distance F. This vertical rise will tend to neutralize the 





Angle caused by the point.-}, Fig. 81, coming into contact 
^ith the bottom of the hole. Hence, the horizontal drift 

lly neutralizes the rise. 
irtunately, all material drilled through is not hard and 

Fm in structure, therefore other factors enter into the 
problem to complicate matters and carry the end of the 
diamond-drill hole from its purposed course. In drilling 
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through soft material, the drill rods enlarge the hole by 
rubbing, and this increases the tendency to drifting. 

In some cases this drifting may not be an altogether 
unmitigated evil, for if it were desired to make the end of 
the hole rise in order to reach a certain point in the forma- 
tion, this may be accomplished by using a core barrel very 
much smaller than the bit and by pushing the work as 
rapidly as possible. On the other hand, if it is desired to 
keep the holes straight, a core barrel of practically the 
size of the bit should be used. It has been proposed that 
bushings set with diamonds be placed back of the bit 
or core barrel to keep the center of the bit in line with 
the center of the hole. 

100. At times, pockets, vugs, or cavities are encountere( 
in the formation, and these may be lined with hard crys 
tals. The bit coming against the face of one of thes 
openings at an angle may be forced from its course. Tli 
hole may be at an angle to the strata passed through; th 
will undoubtedly have an effect upon the drift, especiall 
when the formation is composed of alternate layers of hai 
and soft material. 

When drilling through soft material, the bit cuts vei 
much faster and requires less pressure upon the rods. Vh 
reduces the tendency of the rods to spring against the sid 
of the hole, and is one of the reasons why the bit has les 
tendency to rise in drilling an inclined hole through sof 
material than when drilling through hard material. 

101. Surveying Diamond-Drill Holes. — Formerly 
it was the custom for the engineer in charge of the 
mine to take the angle of the hole at its collar and plot 
this angle on the mine map, indicating the various strata 
passed through as occurring along this line and at their 
respective distances from the collar, as shown by the core. 
From what has already been said in regard to drifting, it \\ 
evident that these results were frequently very much a 
fault. 
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I11I88O, Mr. G. Nolten, in Germany, proposed to fasten a 

small bottle partially filled with hydrofluoric acid into the 

core barrel just above the bit, 

and lo lower this to the bottom 

oE the hole, leaving it in that 

position a sufficient length of time 

for the acid to eat a ring on the 

inside of the glass. Upon draw- 
ing the rods and the bottle from 
the hole, the surface of the liquid 
in the bottle could be made to 
coincide with the ring on the in- 
side of the glass and this angle 
measured. By making such ob- 
servations at frequent intervals 
during boring, and plotting the 
results, a vertical projection of ~ 

tbe hole can be obtained, as illustrated by {*), Fig, 79. But 
this gives no information as to the horizontal drift of the 
l>it A bottle that has been used and acted upon by the 
acid is shown in Fig. 83. 

Iti case there is much water in the drill hole, it may be 
necessary to plug the upper end of the core barrel with a 
piece of wood, in order to prevent the water in the rods 
sbove from forcing the bottle of hydrofluoric acid cut of the 
"'^ *hiie the rods are being drawn from the hole. 

102. Gelatine Indicator. — In 1883, Mr. E. P. Mac- 

George, an Australian engineer, invented and used the 
following process: He filled small glass tubes with gelatine, 
"1 which were suspended glass plummets and magnetic 
icedles. By heating the gelatine to 180° Fahrenheit, which 
"od ered it liquid, inserting the tubes into the hole at vari- 
ants and leaving them until the gelatine solidified, 
lid, upon removing the tubes, compare the angles 
!0 the compass, the plummets, and the center of the 
This information enabled the course of the hole to be 
plotted with fair accuracy. The method can be used where 
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there is no magnetic attraction, but in the vicinity of ms 
netic iron-ore deposits it would be of little or no use. 

103. Drifting: Profiles. — Fig. 83 represents a pro 
showing the curvature of nine holes drilled and survej 
under the supervision of Mr. J. Parke Channing. In ^ 
case of hole number i, the core barrel was fairly new; 
number 2 a new core barrel was introduced near the lat 





Fig. 88 



part of the work, and thus kept the end of the hole strain 
number 3 was drilled before the core barrel had worn m"* 
and consequently it has a fairly true course; numbers-^ 
and ^ are more or less curved; in the case of number 
was desired to strike the formation at a certain point, 
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in order to accomplish this it was necessary to keep the hole 
from flattening if possible. This was attempted by using 
special couplings (made of steel and hardened), which were 
introduced between the rods and the core barrel. They 
wore away quite rapidly, and the attempt does not seem to i 
have been very successful. In the case of number 8. it was 
desired to make the hole rise as much as possible, and this | 
was accomplished by using an old, worn core barrel and aJ 
large bit. Number 9 was kept practically straight by using,! 
a new core barrel and a bit with but little clearance. 



HAND BORLNO TOOLS 



104. Hand Angera.^ — In places 
or \vliere it is difficult for some cai 
them, or where exploration is not 
considered sufficiently important to 
^arrant the expense of hiring or 
Purchasing a rig and importing 
Expert labor to run it, hand augers 
'^a.y prove serviceable. The hard- 
■^^ss of the rock material in which 
sucli tools are employed will deter- 
"^irie the kind of auger to be used, 
^^perience has taught that the 
aug-g^ shown in Fig. 84 is suited 
*^*^ «arth and clay. Fig. 85 is an 
^Ug;er suitable for caving mate- 
rials, but it may be necessary to 
^5 »^ ive casing in such materials. 
ttve auger shown in Fig. 80 is 
stilted for sandstone and soap- 
stone formations and even orystai- 
l>»~»e limestone. The drill stem is 
of standard pipe, made into .short 
lengths and threaded. Tiie clamp 
^ig. 87, is used for turning the rods 



remote from drill rigs, J 
ise to obtain and place 1 




lever a in the drill rig. 
A small rope swivel B 



for hoisting the rod is also needed. The derrick c and ctr 
winch d are also necessary for heavy work. These rigs cz: 
be worked by horsepower with probably greater salisfacta 
than by hand. 




It is sometimes necessary to bore in comparatively sC 
material near the surface, as for instance, when searchin 
for iron ore in clay beds or for deposits of manganese or" 
bog-iron ores, phosphate rock, clay, etc. For this work 
simple auger may be used, as shown in Fig. 88. This 
usually composed of a bar of steel, or of iron with a ste '^^ 
tip, which is twisted to a spiral form and the point of whiC^^ 
is split and sharpened. A good length for the auger -^~■ 
about 13 inches with a diameter of 2 inches; it should hai^' 



a.fc»o^t 4 turns, A piece of l-inch pipe threaded at ont 
i^ -welded to the auger as a stem; and as the boring 
^^■i-esses, other pieces are screwed to it by means of 
<:^«rdinary pipe couplings. The anger is turned by a 
l-«.^n.dle arranged with a central eye, so that it will 
^Izde tip or down the pipe and fasten at any desired 
jjoint by a setscrew. In case hard rock is encoun- 
tered when prospecting with this outfit, it is possible 
■t<i3 - continue the work by means of a churn drill 
f <z>i-med by a piece of l|-inch octa^jon steel having a 
^S — inch cutting edge, and with a piece of pipe welded 
to its upper end. For the first section of rod above 
tine steel chopping bit, a piece of IJ^-inch round iron 
*^»^a\ be substituted for a section of the pipe. This 
Vias the advantage of giving the necessary weight to 
tVie churn drill for driving it through the formation. 
-fc^<"ospecting has been carried on to a depth of over 
"O feet with such appliances, the churn drill being 
Substituted for the auger bit when hard rock was 
^^Countered, This outfit casts but little, and can 
'**3-de or repaired at any blacksmith shop. When 
^sirjg the chopping bit, the material drilled may be 
"orlced stiff so that the debris can be removed by 
^^a.ns of the auger bit, or it may be liquid, and ; 

^^fi pump made from a piece of pipe with a leather I 
"^^Ive at its lower end may be employed for sludging "'■<'■ ^ 
.^^ hole. During the work sufficient water is introduced 
^tQ iiie hole to keep the tools cool and assist cutting. 



SPBTNG-POLE BOKING 

1-05, The spriiiK-poIe system of boring is used in drill- 
^^S comparatively shallow holes for water supply or pros- 
I^^cting. The apparatus, Fig. 89, is a slender pole /"having 
^'^nsid arable spring. Its large end is embedded in the 
Sround by digging a ditch in the direction in which the 
^•^le must be when in place, and another ditch at right 

66S8-- 
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angles to the first one, in which the log / is placed over t 
large end of the spring pole. At a point about midw^^^ 
between the ends of the spring pole, a support S is place= ^ 
giving the pole an inclination of about 30°. The large e^n* 
of the pole and also of the log I are then weighted dop*^^ 
with stone, to prevent any movement while the operation ^^^ 
drilling is going on. The bore rods are attached to tlJ^ 







small end of the pole by a chain c and swivel zv in such a 
manner that the drill rods are held in equilibrium by the 
spring of the pole. The rods are operated by two or four 
men, who take hold of the handles on the cross jv and alter- 
nately lift and force down the drill rods, and at the same 
time tarn them, either hy walking aroimd the top of the 
hole on the platform F or by passing the handles of the 
cross .1- from one to the other after each blow. 

A number of short drill rods are used near the top of 
the hole, so that tbe entire length of the rods can be 
lenffthencd whenever the cross x becomes too low for the 
men to ciFectivcly operate it. These short rods are finally 
replaced hy a long one and again used as before. 

Before starting the hole, it is necessary that a pipe f> be 
driven into the ground to giiide the rods, and in the event 
that the surface is rocky, a guide hole is bored with the 
hammer and drill or jumper. In either case, the pipe 
should be vertical, so that tlie hole proper will continue 
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ertically downwards. Water is poured into the hole when 
ecessary, and the debris removed by means of a sand 
I>ump. 

The energy of the drillers is exerted in forcing the rods 
downwards, and being aided by the weight of the rods, the 
bit strikes the rock with considerable force. By means of 
the spring pole, holes can be drilled to a depth of 150 feet. 

Sometimes when it is not essential to have a hole bored in 
any exact location it may be started under a tree having a 
suitable branch that can be used to perform the same func- 
tion as the spring pole. Or the drill rods may be suspended 
from the middle of the branch and ropes tied to its end, 
which are pulled by men until the bit has reached the 
bottom of the hole and considerable slack is produced in the 
chain supporting the rods. Then, by suddenly releasing 
the ropes, the bit is made to strike the bottom of the hole a 
number of times by the vibration of the branch. The men 
then repeat the operation, and in this manner continue the 
hole to the required depth. 
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INTRODTJCTION 

L Definition. — TiTMUng as here used Is the operation 
*^f iiriaking holes in rocks prior to blasting. A drill is (1) a 
"^^ <Df round or octagonal steel cut to any desired length, 
3i<3 having one or both ends forged into a cutting edge and 
_ *r<i«ned so that it will penetrate rock when struck against 
'^ • ^nd (2) a piece of flat steel twisted into the shape of an 
^^Stsir and with one end forged and hardened so that it will 
*t>e;«~i rotated penetrate the rock against which it is pressed. 
"^^ drill chips or crushes the rock into small fragments, 
''**i«:;h usually readily fall from the hole if it is drilled 
"P'^^ards, but when holes are driven downwards or do not 
'^^^^-r readily, the fragments of rock are removed either by a 
^'^^^^per, a swab, or by a stream of water forced to the 
^lottcmof the hole. 

T^lie subject of drilling naturally divides into kattd drill- 

i^S' snd Jiow^r dyillin^. according as the means for operating 

lae <3rill is furnished by hand, or by steam, compressed air, 

or^ilectricity. In both of these methods the drills used are 

eitVier percussive or rotary. Percussive drills are those 

that chip the rock into fragments by blows; rotary drills 

ate those that cut the rock by their rotation. 
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PERCUSSIVE HAND DRLLIiS 

2, Percussive hand drills are divided into (1) churn 
drills^ in which the blow is given by the force of the drill 
hurled, or at times simply dropped into the hole; (2) hammer 
drills^ or Jumpers^ in which the drill is held by hand while 
the blow is struck on the head of the drill with a hammer. 
When a man holds the drill in one hand and strikes it with 
a small hammer held in the other hand, the operation is 
termed single -hannner work. When one man holds the 
drill and another strikes it with a long-handled hammer the 
operation is called double-hammer work. 

Percussive hand drills have a shank b, Fig. 1, and a bit, 
or cutting edge, a, which is made wider than the diameter of 

the shank b to prevent the drill sticking in 
the hole, and to allow the cuttings made to 
move away from the bottom of the hole. 
The amount of clearance thus given depends 
on the hardness of the rock, length of the 
drill, and the size of the steel, and varies, 
from I inch to \ inch, but is best deter- 
mined by experiments in any particula 
rock. When the clearance is too large, the points, ob 
corners, of the bit are easily broken, especially with brittle 
steel and hard rock. 

Table I shows the average clearance given to hand drills- 
for work in rock of moderate hardness. 

It will be observed from the table that the average clear 
ance given a drill is about one-half the diameter of the shank 

Very hard rocks require drills of somewhat less clearance 
than is given in the table. A -very common clearance use 
for. rock drills is | inch, while for coal drills it is greater. 




Fig 1 
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TABLE I 

AVERAGE CLEARANCE GIVEN HAND UHtLLS 



Width of the 
Bit 


Diameter of 
tlie Stianlc 


Clearance 


Inch., 


Inches 
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1 




■1 


I 




'i 


i 
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1 




■J 


I J 






■5 




«i 


■i 




4 


■t 





3. Cutting Edfire. — The form of the cutting edge of 

^'le bit depends on the hardness and character of the rock, 
"^he diameter of the hole, and the force of the blow. To 
•ind the proper form of cutting edge for a particular stone, 
^ number of tests should be made with different bits to 



ilflP 



Qctermine which kind is best suited for the case in hand. 

The bi, 

edge, 

iiolin& 



shown in Fig. 3 has a thin, sharp, straight, cutting 
Which is used in light single-hand work for block 
^6, and in the hands of an expert driller cuts rapidly 
a™ lasts well. The cutting edge is sometimes even given a 
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slightly concave instead of a straight edge for a moderately 
hard eveii-grained stone. Since the edge of a straight 
bit is weak and the corners are liable to chip off in the 
hands of an inexperienced man, it is customary to curve 
the cutting edge as shtiwn in Fig. 3. This convex form 
tends to equalize the wear on the bit by throwing the 
greater force of the blow on the center, where the bit is 
strongest, and thus furnishing a tool that will not dull so 
quickly, nor chip off at the corners when the greatest 
_ resistance is encountered. 

EWU Fig. 4 is a form of bit similar to tbat 
■ I shown in Fig. 3, but having a blunter 
rl edge it is better adapted for drilling in 
1 1 very hard rock. 
f I A soft sandstone composed of hard grains 
\W "^^ quartz cemented together with soft 
^F material is more easily disintegrated by 
^'°- * pounding with a blunt-edged bit than by 

cutting. Fig. 5 shows a flat-edged bit frequently used for 
drilling in a soft sandstone that crumbles readily. The 
side a^ and the end c d oi the cutting edge are both 





straight. A flat-edged bit is not, however, used in cal- 
careous sandstones, where the quarts grains are cemented 
by a hard material. 
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In seamy or broken ground the ordinary bit is apt to 
t«e«::r«me wedged in crevices and stick in the hole. This 
difficulty may be overcome in a large measure by turning 
th^ corners of the bit as shown in Fig. 6, thus giving the 
f oirm of the letter S, which prevents the drill from sinking 
loo far into the soft rock, or from entering a seam or 
cr^-vice. Before the corners are bent, the bit should be 
gi-ven a slightly greater clearance. 

The bit shown in Fig. 7 is provided with side grooves to 
allow the material to work upwards and permit freer cutting 
at the bottom of the hole. This principie is applied to flat- 
edged bits in the Berea Grit of Ohio, which is a friable 
sandstone. 

■*. l>rlll Seta. — Drills are made with various lengths, 
<Jependent on the depth of hole- to be drilled. For drilling 
noJes of any considerable depth, drills are made in sets of 
three or more, Fig. 8, having lengths that are increased as 




the hole is deepened; each longer drill of the set commonly 
''^^ a slightly smaller diameter, about J inch, than the nest 



shot 



tcr. The shorter the stock, the more effective i 



oiQvf . therefore in hand drilling the hole is usually started 
*"th a drill about 18 inches long. Short drills are not as 
"^Xilile or elastic as long drills and do not spring or jump 
^^ tiuch as longer drills. The next longer drill of the 
^^* is used to drill to as great a depth as its length will 
P^'''^it; then the next longer drill of the set follows; and so 
°'^ ''mil the hole has reached its full depth. 

^bile it is desirable to have the drill hole uniform in 
^**ieter throughout its entire depth it is not possible, as 
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the bit corners wear off, and where drill sets are used tlm^ 
portion of the hole made with each succeeding bit is 
course smaller than the preceding portion. For these t 
reasons, a drill hole is slightly funnel-shaped; that is, 
decreases in diameter toward the bottom, a condition t 
operates against obtaining the best results from an explosi 
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THE CHURN BRILL 

5, The cliiirn drill has a shank from 6 to 10 feet long a 
occasionally with a bit at each end. The force of the bl 
given with such a drill depends largely on its weight, which^ 
sometimes increased by an enlargement, as shown in Fig. 
A drill of this description is usually made with a short a 
long end; the hole is started with the short end of t 
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Fig. 9 



drill, and when it has reached such a depth that t 
enlargement prevents further drilling with that end, t 
drill is reversed and the other end is used to deep 
the hole. 

To use the churn drill, it is drawn a short distance fro 
the inner end of the hole, given a slight turn, and th 
hurled or dropped back. Unless the proper turn is giv 
the drill, the bit slides into the previous cut and becom 
wedged, producing what is called fitchering, Fitchering 
perhaps more common with churn drills than with oth 
forms of hand drills. 

The churn drill is used for drilling vertical, inclined, 
horizontal holes, but is most effective in drilling vertic=^ 
holes downwards, because then the entire weight of the dr 
being accelerated by gravity, the force of the blow 
increased. It is not as effective in drilling holes upwarcB- 
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^itice the acceleration of gravity decreases the force of the 

^W, The drill is used single-handed or double-handed in 

'"tk; that is to say. either one or two men operate it. accord- 

"igtoits weight; but in drilling a vertical hole with a long 

''eavy churn drill, two men can work to better advantage than 

one man, as one man spends much of his energy in lifting the 

''nil and cannot therefore impart much force to the drill on 

Its downward stroke. On the other hand, two men use less 

energy between them in lifting the drill and consequently 

Mn exert more than double the force of one man on the 

downward stroke. They can also lift the drill higher in 

boring downwards, thus increasing the force of the blow on 

account of the increased length of stroke. The weight of 

"le drill should be such that the drill will not rebound or 

lave its cutting force materially affected by the powdered 

rock at the bottom of the hole. 

*~-hurn drills are largely used in anthracite mining, and a 
^mmon form is shown in Fig, 10, which is a combined drill 
^^ tamping bar, These anthracite drills are usually made 



B"~inch round iron about 6 feet long to 
sieel Cutting point. The tamping end should be 
I ° '*04it the danger of striking fire when tamping 



i-elded a 
of copper. 



TffB HAMMER DBrLl, 

The hammer drill, or Jumper, is generally shorter 

I "^ *^he churn drill, has a bit on only one end, and is driven 

y 3 blow delivered on the head of the drill with a hammer. 

^^^ tools are used for drilling in most all kinds of rock, 

^^jght and character of the drill and of the hammer 

'^S with the character of the work in hand. 
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1. Slngte-hanil work is performed by one man wli" 
holds the drill firmiy in one hand, and strikes it with a small 
hammer held in the other hand, Fig. 11. 




The single-hand hammer has a wooden handle 10 inches I 

long, Fig. m, and weighs from 3 to 5 pounds. Drill steel 

for single hammers varies from J to 1 inch in 

§ diameter, and the bit is usually forged Hke those 
shown in Figs. 3 and 3. In many cases no 
distinction is made between the form of bit used 
in single-hand and double-hand work, although 
a bit for single-hand work fan be sharper and 
more pointed than one intended for double- 
hand work. Single hammers are used when 
FiQ. IS drilling shallow holes, not generally exceeding 

2i feet in depth. Such holes are made in large boulders so 
that they can be broken and more easily handled. Single 
hammers are also extensively used in metal mining where 
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I "^eins are sniall, or where it is desired to keep the ore and 
I gangue separate. 

I 8, Douljle-nanimer, or Double-IIantl, Work. — This 
I work is perforrned fay two men; one man holding the drill 
with both hands, while the blow is struck by _ 

the other man with a double-faced, two-handed, 
striking hammer. Fig. 13 shows the head of 
such a hammer, that weighs from 6 to 8 pounds. 
In mine work, the two-hand hammer head aver- 
ages about 6 pounds in weight and has a stiff 
handle about 20 inches long. In outside rock 
work, the handle may be about 30 inches long 
and limber and the weight of the hammer 
head 7 to 8 pounds. 

9. Three-Hnnd Work.— Here three men '''°- " 

are employed, a drill holder, or helper, and two strikers using 




' striking hammers, Fig, 14. The helper holds the drill 
steady with both hands, while the blows are delivered 
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alternately by the two strikers. Much time is saved 
this method of drilling, as the blows are delivered twice 
rapidly as in double-hand work. Greater caution, howev^ 
is required to prevent injury to the drill holder, and expc 
strikers only are employed. As the drill is struck a mil 
harder blow in double-hand or three-hand work than 
single-hand work, the bit must have an edge suited to tl 
harder blow, and the forms shown in Figs. 3 to 7 are the 
commonly used. 

10, Using the Hammer. — The proper use of t 
hammer requires thought upon the part of the driller, t 
experienced contractor knowing this usually when hiring 
man requires him to give an exhibition of his meth 
of swinging and striking with his hammer. A go 
hammersman takes advantage of the recoil of the hammi 
while the inexperienced man does not, and, consequent! 
tires sooner. In swinging a stiff -handled hammer, the an 
and body do most of the work, while with a limber-handl 
hammer the arms and shoulders with but slight moveme 
of the body do the work. The breathing should be tim 
with the blows. The muscles should be relaxed immei 
ately previous to the blow, as the striker is then not serious 
affected by the vibration, or force, of the blow, and the ha! 
mer is very readily caught on its rebound for the upwa 
swing. Long experience only can render a striker expe 
in swinging a hammer, or enable him to deliver an efficie 
blow that will not tire the body. 

11. Relation of Weight of Hammer to Drill. — T 

driller should approximately proportion the weight of ] 
hammer to that of his drill. When a light hammer is us 
to strike a heavy drill the force of the blow seems to be Ic 
in the drill and little work is performed by the cutting edg 
The reason for this is found in the fact that as steel 
elastic, its particles are capable of a limited motion amo 
themselves. Hence if the weight, or mass, of the drill 
very large, as compared with that of the hammer, the foJ 
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of the blow delivered by the hammer may be wholly cc-Ji- 
SLimed in vibrating the drill and heating up the head. 
L'nder such conditions the blow will not move the drill 
forwards or cause it to perforin any work in cutting the 
rock. For example, if a 3-pound hammer strikes equal 
blo-ws on a 3-pound, 6-pound, and 12-pound drill, the relative 
force of the respective blows is given by the ratio of the 
weight of the hammer to that of the drill, and is 5 — 1; 
i ^= i\ ■^ ~ i- 1^ ^'^^ light a hammer is used in a hard 
rock, it will rebound and a ringing sound will be produced at 
every blow similar to that produced by striking the face of 
an anvil with a hammer, showing that more or less energy 
is being wasted in vibration. 

It is not practicable or necessary to determine the exact 
efficiency of the hammer and drill, but an experienced 
driller soon determines by the sound and feel of the drill 
whesn he strikes it whether or not the hammer and drill are 
suited to each other and to the work in hand. The weight 
°^ the drill and the character of the bit chosen for any 
^Orli should correspond to the character o£ the rock to be 
'^'"illed, and the weight of the hammer should then be 
a-<3a.pted to the weight of the drill. 

is. Relation of Velocity to Force of Blow.— The 

'*^r<;e of a blow delivered by a drill or hammer depends 00 

tri^ weight, or mass, of the drill or hammer striking the 

L>lo-w_ and the velocity at the moment of impact. Calling 

"^ mass m, and the velocity 7>, the foi'ce of the blow is m v. 

^*-^rice, the blow that a given hammer will deliver varies 

^"^tli the velocity at the moment of impact. The energy 

^*-*^x~£d in the hammer, or the work performed by the blow, 

^^•^ies as the weight, or mass, of the hammer and the 

^I'Jare of the velocity at the moment of impact. For 

^'^^-inple, a blow struck when the velocity of the hammer is 

" feet per second, will have twice the force, and theoreti- 

^y perform four times the work that it will when the 

^*ocitv is 10 feet oer second; or an 8-pound hammer will 

l!, and perform twice the work 



■ocity is 10 feet per sc 
®'^»^ike a blow twice as I: 
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of a 4-pound hammer at the same velocity in the same rock. 
There is a limitation to this, for if twice the velocity is 
^iven to the drill, the rock will offer four times the resist- 
ance and surplus energy will be expended in mashing 
down the head of the drill, rather than in doing useful 
work. This would be particularly the case if the hammer 
and drill were not proportioned to increased velocity, for 
action and reaction are equal. The velocity of the blow at 
the moment of impact depends on the length of stroke 
or the distance through which the hammer or drill is 
moved. 

Ill, I'loanliiK l>rlll Holes. — In drilling a dry hole^ that 
is, one in which water is not used, unless the hole is driven 



Fig. 15 

upwards at an angle greater than IS'' with the horizontal, it 
is necessary tv> use a sc rafter to clean out the small pieces of 
iwk that accunuilate. The scraper used for the purpose, 
Fig. I*'** is of round iron, usually about f inch in diameter, 
with one or both ends flattened and turned up at" right 
angles. U is nuule ot any convenient length to suit the 
vlcptli ot the hole to be vlrilled. 

U is much better, however, to use water in the holes 
whenever possible, as the eoiumotion of the water caused by 
the vbi'.l'n^; dtives tb.e snuiil pieces from the bottom and 
tli\i',x irio»e '^t less ot :::e rr*e material, thus keeping the 
'\mot!t Ot t'^e :*«Me e-ea*- :or :::e drill. 

lL^'e>; !•' \\>'el' \\AU"v IS :>.us useu. Cwilled ic^t holes ^ are 
e'vM'w' ''\ .X.. .v*x '^^uie o: : .-.i-^.d ^reer: sticks that have been 
■'•■N--.-V* -51 v^'*." e-*J I'v •/« — .♦■••^ w-v: a hammer. When a 

^^v" "'•^^* ••.\-. •■< , ■ ,M ^, u.r,.- s IV.: red into it and the 

^^^ i'' '^ :•• • ^ ■■ <>.^ .••-■. v*:c\>. Each time the swab 

•^ o ', ■ ; ^ •■ • .'/■'*.••:•> :v.T.ed so as to take up 

•'* N,i •/ \T< xv* .M -e '•,:*.! y withdrawn it is 

^ V ^ - .' : ^; <.r^,: and mud from it- 

- o. . : . V ■: : ^.^ powdered roclc 
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Twnis 2 paste, or mud, that can easily be removed with 
the scraper. When water is used in the hole it is customary 
lo wrap a wisp of hay or grass, or to tie an oKI rag, around 
the drill to keep the water from splashing out of the hole. 

It- Coat of Drilling by Hand. — At many mines the 
drillers work on contract ; the stint, or amount of work done 
in8 hours, being 9 lineal feet of hole for two men, while three 
men are supposed to put in 13 feet. In contract driving 
this ■work is largely exceeded by the contractors, bui it may 
be taken as an average basis for a day's work in hard rock. 
If the price of labor is $2.50 a day for example, the cost of 
drilling 9 feet would be 55 cents per foot. Where three 
n^cn are at work, two hammermen and a drill holder, the 
latter receives about $1.50 a day and the former receive 
12.60 each, thus making the cost of drilling 12 feet about 
the Same as when two men drill 9 feet. Of course, the hard- 
ness of the rock has much to do with the rate at which 
holes may be drilled. At a drilling contest in the West, two 
""^ drilled 36 inches into hard granite rock in 15 minutes, 
striking 73 blows per minute. The nearest competitors 
^led 31^ inches in the same time. Of course, such a rate 
w drilling could not be continued long, but it shows what 
inm Can do in the way of rock drilling when they exert 
themselves. 



HATJD ROTARY^ DRILLS 

^- Rotary drllllngr is any form of drilling in which 

^ drill is turned and pressed forwards at the same time, 

^ action of the rotary drill is to cut or wear away the 

"^^ at the bottom of the hole in a plane nearly perpendicu- 

to the axis of the hole, instead of chipping and crush- 

? the rock into small fragments in planes parallel to the 

's Qf ^[jg hole, as is done by percussive drills. Rotary 

'*Hg may be divided into two systems: direct drilling, 

f'^sented by the breast auger, in which the drill is 

^ted by a crank formed by a bend in the shank of the 
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drill, and the drill advanced or kept up to its work in the 
hole by the pressure of the body against the end of the drill, 
and machine drilling, in which the drill is rotated directly by 
a crank at the end of the drill, by a side crank and bevel 
gears, or by a ratchet-and-pawl arrangement; but in a\\ 
these cases the drill is advanced in the hole by a feed- 
screw. 



,1 
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BREAST AUOERS 

16. Several forms of breast augers in common use ^^^^ 
shown in Fig. IG. The auger may consist of a solid sha-^^^ 
having a twist drill at the boring end, and a bend to ioxvC^ - 
crank at the other end ; the handle of the crank is suppli ^ 
with a muff to protect the hand. The yoke a or brea^' 



plate b for pressing the drill into the hole is usually a sep 

rate piece, as shown in the figure. The crank is often mac^ ^ 

separate so that it may be applied to drills having differer^^^^^ 





Fig. 16 



lengths, and if constructed in this manner it does not nee^ <^ 
to be sent to the shop when the bit is sent to be dresseczi^ - 
At times the crank is attached to the drill shank by a sere: ^^^v 
joint; at other limes the shank has a plain square end t<^ 
which the crank is fastened by a cotter. All these fori»-^» 
and one with an eye in which a straight handle is fitte"» 
are shown in the figure. The length of this drill when ma<3^ 
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^'i one piece is commonly 6 feet. It bores holes from IJ 
^'^ SJ and even 3 inches in diameter when desired, 2 inches, 
However, being the most c 




17, A.uger Blt.^The auger has a V-shape or split bit 
of the form shown in Fig. 17. The V cut out of the center 

should be a little more than one-third 
"(^ the width of the bit or cutting edge; 
" should be a broad shallow cut in 
order that the corners or remaining 
^ges of the bit shall be as strong as 
possible. This form of bit penetrates 
™al or soft rock rapidly and with ^'°- " 

less labor than any other form, and it is easy to repair and 
shax-pen. In drilling soft coal, the V cut can be' enlarged 
snl the drilling thereby made more rapid. The miner 
keep»s the cutting edges sharp by the use of a file until the 
.l'" has become worn and does not provide sufficient clear- 
ance for the drill in the hole, then it is dressed by the black- 
smith. The twist drills are usually made from the best 
cnxoible steel in sets having 'i-, i-, and 6-fool lengths. The' 
twisted shank of the drill serves to clear the hole of the cut- 
t"*Ss sufficiently to allow the bit to advance. At times, 
ho-wever, the drill clutches and must be removed and the 
hole cleared with a scraper, as in the case of the percussive 
drill. To use this drill, the miner presses with his shoulder 
against the yoke a, or with his breast against the plate i, 
'^nile he rotates the drill by the crank. Drilling with breast 
Sers is hard work, but the boring proceeds rapidly in coal 



Of 



'Hoderate hardness. 



HAND MACHITTE DRILLS 

. _, Types. — The several forms of hand machine drills 

'iter from the breast auger just described chiefly in the 
**^t that they are mounted on columns or posts, /'osf drills, 
9-re held to their work in the hole by grips secured in 



the 



Solid coal, grif drills. 
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All the types of hand machine drills can use the tw 
drill described under breast augers, but the bits should 
varied to suit the character of the rock. Sets of drills 
lengths of 2, 4, and 6 feet, or longer if desired, are suppli 
with each machine, and they are attached to the feed-scr 
of the machine in various ways. 
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19. Post Drills. — The column or post on which tlrTi-e 
hand drill is mounted must be of a form adapted to tlrie 
varying conditions of mining with respect to the height of 
the seam and the position and inclination of the holes to fee 
drilled. In the same working place the conditions ixa^y 
require the column to be lengthened or shortened ; and t: Ine 
hole may need to be drilled near the floor or at the ro€z>f, 
and have almost any inclination. A post that is portable, 
substantial, easily and quickly adjustable to any of the^se 
conditions best meets the requirements. 

Several forms of posts are on the market and in comm <i:>n 
use. A very common form is shown in Fig. 18. The post ^ 

is provided with a sliding leg" ^'> 
shod with an iron point ^, whi^^^h 
is inserted in a pick hole in t 
floor, or if that is soft, into 
plank. This leg is easiE 
moved out or in to appro 
mate the length of the post 
the height of the seam, and 
then fastened to the stationai 
part of the post by iron pins 
There is also a small jac 
screw at the top operated t:;^^^ 
the lever //, by which the po^ 
is secured against the roof 
any convenient position. T 
face of the post is suppli 
with a series of notches e^ 
holding a cross-bar /", on wh 
a threaded split nut g^ through which tl^^ 
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Teed-Bcrew h of the drill passes. The post may be set as 
shown in the figure, with a jack-screw at the roof, and 
the leg in the floor when Che hole is to be driflerl in the 
upper portion of the seam; or, its position maybe reversed, 
the leg being placed in the roof and the jack in the floor 
wtien the hole is to be drilled in the lower bench or 
portion of the seam. By shifting the cross-bar f to differ- 
ent notches, the inclination of the drill may be altered. 
After the post has been firmly placed, the crank on the 

nd of the feed-screw is turned until the short drill has 
penetrated the rock a distance equal to its length. The 

split nut is then opened and the feed-screw returned to 

its original position; the short drill is then replaced by a 

second drill i. After 

the second drill has ^— _ 

been run out in the , ' 

same manner as the '^ " 

Scst, the operation 

of opening the nut 

2nd bringing back 

t h e feed - screw is 

■"^peated and a third 

''fil! j used, which 

^ ^\\ probably com- 
plete the depth of 

'he hole. The twist 

°i these drills auto- 

"^3tically cleans the 

•■ole, but before the 

pharge of powder is 

"iserted a scraper 

"dually is employed 

'^ give the hole a 

'borough cleaning. 
Another form of 

_"is post is shown 

'^ Pig. 19, in which ai 

* dollar and setscrew telescopes another pipe so that 




adjustable pipe leg provided with 
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height of the excav; 



Ilei 



the leg is placed a 



roof and the small 
jyck-screw at the floor. 
An adjustable pipe post 
is shdwn in Fig. 20; with 
the leg placed at tlie roof 
and the jack at the fioor. 
The drill mechanism rests 
upon a cross-bar provided 
with collars that slide 
upon the leg, thus permit- 
ting it to be fastened to 
the legs by the four set- 
screws, This arrangement, 
though affording clos* 
adjustment, is perhaps O^t 
as reliable on account " 
wear as the series "' 
notches employed in tt** 
post shown in Figs, 3- * 
and 19. 



20. The drill is rotate:*' 
P"^- ^ by means of a crank, whi*=^'^ 

may be single-handed or double-handed. Fig. 21 shows 
single crank whose length may be adjusted by means of 




-^JZ 



slot a, clamp plate b, and nut c. Fig. 82 shows a doul 
crank which permits the use of both hands in drilling. 
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; hand dri 



, the 



: may 



be at the end of I 




d-screw, when the machine is known as an end borer ; 
or the urank may be placed at the side of the machine 
and rotate the drill by means of two bevel gears, when the 
machine is known as a side borer. The first of these two 
forms, the end borer, is shown, in Figs. 18 and 19, and the 
second, the side borer, in Fig. 30. In the end borer the 
drill is rotated directly by the rotation of the crank. In 4 
the side borer the ro- 
tation of the crank 
causes the rotation of 
two beveled gears, 
F'ig. 93, one a on the 
i-rank-shaft and the 
Of her b e n c i r cl i n g 
''le feed-nut. The *'"'-^ 

'^fank is fastened to the shaft c, and the feed-screw passes \ 
'"rough the hole d; the gears are held in position and rotate ' 

the boxes f, c, firmly joined together by the frame f. 
"'^ the interior of the gear-wheel 1^ is a projectifig feather, or 
■*Sr, that fits into a side groove in the feed-screw, by which 
^^ans the rotation of the crank and the gears is communi- 
^ted to the feed-screw and the drill. As the gear a is 
'^^^Uer than the gear b, it requires several turns of the 
'"^nk to turn the feed-screw once. In many machines 
^^e gears can be replaced, when worn, at little expense. 

^ 1, The feed-screw, Fig. 24, is a threaded bar \\ inches ] 
* <3iameter and from 34 to 30 inches long. According to<] 
■^^ character of the rock or coal bored, it contains 8, 10, 12, 



On 



^Tn3 J4. threads to the inch, the size i 



nmonly used 



°^ing 8 and 10 threads; and feeds the drill into the hole in 
proportion to its speed of rotation — about 1 inch for every 
"» 10, 13, or 14 turns, as the case may be. On the side of | 
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the screw a longituiiinal groove g cuts across the threac 
for the entire length. In this groove slides the projeciin«r-«:4 
lug, or feather, on the inner surface of the bore of the geam ac^ 
wheel b. Pig. 23, that compel: =^ 
its rotation. The feed-screw k 
supported by a split nut, Fig. 21^. •» 
which is threaded to correspon- mrrm 
to the thread of the frrd "rrrirwi,^ ,i 
To this nut is firmly fixed tw~%»i^a 
journals n, that form an asis fc^ (g. 
the nut and support it in ai»:r^p-l 
position in the notches of the column, or post. The nut ,;, ! 
split and hinged at c, so that it will open and allow t^^Ke ! 
removal of the feed-screw, and when closed is secured bj- 
pin passing through the slot li. This threaded box, or fee 
nut, advances the drill into the hole as the feed-screw 
rotated. The square nut n of the gear frame, Fig. 23, t 
into the square frame s. Fig. 25, thereby holding the ge 
r frame in a fixed position with respect to the post. 




Fio. » 




Grip Drills. — This is a type of hand machine dr»' 
differing from the post drill only in the manner of niountir* -^ ' 
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the drill. Instead of a column or post, a grip bar is 
employed to support the drill and the feed-screw. Grip 
*lt"lii9 are cheaper than post drills and are also adapted for 
use in places where the roof is high and where a post drill is 
inn practicable. The method of using the grip bar for drill- 
iig- is shown in Figs. 26 and 27. A short hole, about 
6 inches in depth, is first drilled in the face of the coal close 
to the proposed hole. The end of the grip bar is placed in 
th-is hole, and made secure, Fig. 26, by spreading the tongs 




^* the end of the grip bar and tightening the setscrew 
sho-vvn in the figure, 

T'tis grip can be quickly set in place and it "has the addi- 
'*oriai advantage over the grip using the wedge, Fig. 27, 
"^t it grips the rock at the back of the preliminary hole 
*"<i consequently the material surrounding the grip does' 
^ot lecome shattered, as is the case when a wedge is driven, 
'^ tlius allowing the bar to fall away during the operation of 
^"^Uling. 
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Ib Fig. 97 the grip bar is a simple bar with no grip tong« I 
attached, and is made secure in the hole by driving an iroi^ 
wedge below the bar. In each case the grip bar is provide 
with strong teeth that bite into the coal, thereby securel ^ 
fastening the bar unless the coal is so soft that the wedf^^ 
when driven breaks it down. The drill, or feed-bar, passe 
through a feed-nut mounted on an axis, or secured a^ 
described under post drills. The feed-nut support i^ 
attached to the end of the grip bar by a pivot, the arrange-^ 
ment being equivalent to a universal joint, and permitting 
any inclination or direction of the drill desired. 

33. The ratchet drill permits the operator to place a 
hole close to the rib or side of an excavation, or close to the 
roof or floor, as illustrated in Figs. ^8 and 39. In both 
these cases the drill is supported and held to its work by 
means of a post/, set between the floor and the roof. The 
feed-screw s of the drill, Pig. 38, is turned in a threaded. 



J' 
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nut K at the end of a tube / by means of the lever h opera- 
ting a ratchet wheel just back of the socket holding the 
drill. This drill is in every respect similar to those j 
described, excepting that it is rotated by means of a r 
and lever instead of a crank and gearing. The t 
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prevented from turning by means of a projecting pin C, 
fig. 3H, coming in contact with the post. 

To set up the ratchet, a short hole is made in the proper 
place for drilling on the face of the rock and another in the 
roof back from the rock face a distance a little greater than 
'he combined length of the shortest drill and the ratchet. 
One end of the post p is then inserted in the hole in the roof, 
•ne other end is placed upon an inclined plank, as shown, 




^•^«3 the post tightened by striking it near the bottom with 
a sledge. The end of the shortest drill is then put in the 
socket of the ratchet and the tool lifted and placed in 
P'^sition. The bit of the drill is then inserted in the hole 
n^ade in the face of the rock. The rear end of the tube /, 
""hich is constructed so that it will not slip when the drill is 
^ing operated, is finally placed against the post and the. 
''3-tchet and drill tightened in place by turning the tube or 
"Operating the ratchet handle //. When the feed-screw s is 
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run out and the short drill advanced as far as possible, tz^^^ 
ratchet is taken down and the next longer drill inserted a. ^3^^ 

the operation repeated until the hole reaches the requii '^^ 

depth. When the ratchet is used close to the rib, the drnn- ^^^• 
ing is necessarily slow because only one-quarter turns c :=:aii 
be given the drill. 



POWER DRILLS 

24. Introduction. — The use of pcwer drUls, as coi^c: m- 
pared with hand drills, has given a great impetus to mini^izi ng 
work. The effect of a machine striking from 300 to 500 blo^ ws 
per minute, each blow being far more powerful than th-y at 
delivered by any sledge or striking hammer, establislt: — es 
beyond controversy the great advantage arising from the=sir 
use. They are, therefore, being introduced successful^ iy 
into many classes of mining work. 

Compressed-air and steam drills have made it possible ^o 
work with profit many mineral lodes and veins that woii- ^^ 
be un{)rofilable were they developed by means of hand dri ^1" 
iii^. They have also made it possible to accomplish gre ^^ 
cnj^ineering projects, such as the driving of large and lor^^S 
tunnels, the sinking of deep shafts, and the building of con^*^* 
paratively straight railroads in mountainous regions whe^^^ 
deep rock cuts are required. 

Like hand drills, power drills may be divided into tv^'^^ 
general classes : (1) Poiucr percussive drills ; (2) Pow^^^ 
rotary drills. What has been said in reference to th^^ 
action of these classes with respect to hand drills is lik^^^' 
wise true with respect to power drills. The power- used x^^"^ 
compressed air, steam, or electricity. Steam is usually th- ^ 
most economical for drilling in outside work, except in case — " 
where long pipes are recpiired and in cold weather; but fo:^ 
tunneling and shaft sinking and mining work in genera 
compressed air is better, for it aids in ventilating and make^ 
the surrounding atmosphere more comfortable for the work- 
man. Further, it is more economical to transmit air 
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^considerable distance through pipes than it is steam. The 
I construction of electric motors adapts them particularly to 
I imparting rotary motion rather than reciprocating motion. 
I Hence, electricity has at present only a limited application 
■ in the operation of percussive drills. 



POWER PERCITSSIVE DltlLLS 



STBAM AND COMi'RES8KU-<\JIt DRILLS 

35, Construction. — The construction of compressed- 
fttt" and steam perciissive drills is practically the same 
excepting in the construction of the valves and in minor 
details; hence a description of the one shown in section in 
^*g. 30 will answer for all with the exception of the valves. 
The drill proper consists of a hollow cylinder 1 closed by 
the front head 2 and the back head 3, which are held tight 
against the cylinder ends by through bolts and nuts ^. On 
the top of the cylinder is mounted a steam, or air, chest 5, 
•f* which a valve 6 moves back and forth over the steam 
ports shown in the illustration. The auxiliary valve 7 is a 
flattened ere scent -shaped valve with small ports, on one side, 
that open and close the steam ports of the main valve but 
I'o not throw the valve by contact with it, in which respect 
*t differs from tappet valves, even though it is moved 
through its slide by piston 8. The piston is a heavy piece 
"f metal that fits snugly in the cylinder and is moved back- 
wards and forwards by the steam or air that alternately 
^*iters and exhausts from each end of the cylinder. One 
^"^d of the piston has forged to it an extension that passes 
through the front cylinder head and has an enlarged end 9 
termed a chuck; the other end of the piston is hollowed 
^^ receive a rifle bar 10, which turns the piston on the back 
stroke, and since the drill is fastened to the chuck by the 
J"'^Und key H and the chuck bolt IS, it also turns. The rifle 
^r is prevented from turning on the forward stroke by the 
P**l 13, which engages with teeth in the rotating ratchet I4. 
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The pawl ; 

are not clearly S 

in the section, bui 
with the rifle bar. 
cylinder is held in 
by a V guide she 
which has a cup 
which it is faster 
a standard, or I 
when at work dr 
Al ihe back end i 
cylinder is a feed-i 
that engages wil 
feed-screw 18, ha' 
crank 19 for the 
pose of turningth< 
screw, and thus n 
forwards the cyl 
with its piston, a: 
drill as the latte 
away the rock, 
hack head of th 
chine cushions a 
a spring 20, and i 
prevented from 
broken by the re 
the piston iacaae 
cidents or clogg 
the valves. Thi 
front head is uset 
the machine is * 
with steam, and 
front head t ak( 
place when air 
power, unless a 1 
washer is used foi 
ing Ihe pist^ " 
of a gland. 
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36. Tappet Valve, — Fig. 31 shows in cross-section a 
tappet valve, which is a valve that is thrown by the action 
of the piston directly and not by means of steam pressure. 
These valves have an advantage over steam-actuated valves 
since their full movement cannot be prevented by condensed 
steam. In Fig. 31, a is a three-armed lever, rocker, or 
tappet, that operates a D valve b. The rocker is placed .in 
a recess of the cylinder and is held in place by a pin. The 
piston I is double-headed, and as it moves backwards and 




I'^rvvards. its shoulders move the rocker in the direction in 
^**^b it is going, and the upper arm of the tappet moves the 
^'v^ in an opposite direction; this insures a positive valve 
'^tion, when steam or air is admitted, without dependence 
, *^loae fits of the parts. The tappet valve allows a varia- 
Z**^ in design between the forward and backward stroke of 
_^ piston, which should economize in the use of steam, 
'tl-jout detracting from the force of the blow. The drill 



lav 



ing a tappet v 



called a tappet drill, but its only dis- 



1 already described is the 



"^^llishing feature from the di 
^^Ve movement. 

^7. Spool Talves.— The Wood air drill is operated by 
,^t»<»o] valve that has no mechanical connection with the 
^^ton. The center spools a, b. Pig. 3'^ («), alternately cover 
y''i uncover the ports /, h. Fig. 3a {b), thus allowing the 
**" tu alternately rush in at one end of the cylinder and 
*l>aust out of the other. This movement of the air gives 
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a reciprocating motion to the drill piston, which is governed 
by the movement of the valve. Two small holes j, i SLtt 
in constant communication with the air pressure, anil 
through them air is admitted by the passages /, k to the 
ends of the valve. These passages, or ports, /, k are alter- 
nately closed and opened by the piston in its movements, 
hence the holes J, y can only admit air to throw the valve 
from one side of the valve chest to the other when the piston 
is moved. It is impossible to have pressure at each end o' 




the valve at the same time, or for both ends of the valve *'*' 
be exhausting at the same lime. 

The movement of the valve is accomplished as folio**''®' 
THb drill piston by its reciprocating movement alternate'" 
covers and uncovers the holes ^, e, and thus allows the air *'^ 
pass through the holes i,j and accumulate back of the e^ 
spools of the valve and throw it first toward one end of t^^* 
air chest and then toward the other; but the end spw*'** 
never cross a port, hence the valve is not liable to free^^' 
When the drill piston covers the hole g, the air that h^* 
accumulated at the end h moves the valve to the opposite 
end of the air chest, at the same time the pressure that w*^ 
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iyescapes along the passage / through the hole e, 
le cylinder through a passage not shown, and out 
haust. On the return stroke the drill piston covers 
c • and the accumulated pressure behind the valve 
d_/" moves the valve to the opposite end of the air 
lowing the air behind the valve at the end h to 
long the port k and pass out through the hole^, 
e cylinder, in a passage not shown, to the exhaust. 
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>rlll Tripoda. — Power drills are mounted either 
Ipod, a column, or on a horizontal bar. The gen- 
of a drill set up 



od and ^ready for work is 

Fig. 33. The tripod legs, 

e joined to the frame by 
joints a, are telescopic; 

:he upper portion is hol- 

e tbe lower portion is 

1 may be pulled out or 

I, and thus the legs length- 
shortened. These legs 

eld in any position by the 

id setscrew shown and 

Je to conform to any i 
of the ground where ) 

is to be done. The 

b are placed on the legs ■ 

it excessive vibration and / 

i the recoil of the drill; 
they are often not all 

le drill runners' helper '''''" ^ 

on the clamps that support the weights takes their 

This, however, is allowable only under certain con- 

nd when steam is not used. 

, 33, c is the hose through which steam or air enters 

the steam chest J to the cylinder, and c is the 
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exhaust leading through the steam chest to the ^E 
The guide shell _/*, Fig. 33, has two standards, conn 
by a crosshead. The feed-crank // turns the feed-sci 




and moves the drill cylinder toward or away from the 

For drilJing a hole close to the wall, the tripod legsw 
be in the way if they were spread as shown in Fig. 33 
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the universal joints permit their being placed in the position 
shown in Fig. 34, and if the-roof of the excavation is not too 
high, the upright leg may fit tight against the wall and so 
steady the machine. In this illustration the clamps a are , 
shown upon which the leg weights are placed, also the com- 
pressed-air hose 6 and throttle valve c. No exhaust pipe is ' 
sho-^vn in this illustration. 
Tine tripod is particularly 
adapted for drilling holes 

do-wnwards; however, it 

"cannot always be advanta- 

geou s]y used for drilling 

"*^rizontal or upward holes. 

S5^. Urlli Columns, 

^5^ tunnel driving, shaft 

^"^^ing, and, generally, in 
*^*«^ing work, it 
cc»r> -^^enient to support the 
•^"[liH on a column or bar, 
^*e:s. 35 and 36, than on 
^ tr-ipod, These columns 
^""^^ hollow and are fi 
^s t 15 inches in diameter, 
3-ncl from 4 feet to 9 feet 
^** ^S, though special longer 
siz^g can be obtained if 
°^c:^sary. One end of the 
'^***'*-»mn a has a bearing 
P'*ti« that rests against a 
'-^^::k of wood, as shown 
'J^ Tigs. 37 and 38, thus 
1st jjjn,[.jj^g the pressure o 
"^^^Jer bearing for the column th, 

*^- The columns are lengthened or shortened by jack- 
^^ffs, which are turned by a lever placed in the holes i. , 
^C Bingle-screw column shown in Fig. 35 has a bearing I 
" ^-te at the bottom of the jack-screw, tvhich rests upon a 



a greater 
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"^*ick of wood similar to the bearing plate at the top 
"^ the column, In the double-screw column the screws 
^■*e rounded and fitted in bearing cups, which also rest on 
Utnber pieces. A column arm ir. Fig. 36, is clamped to 
the column and to this the drill is attached by the saddle 
clamp d. This combination provides a universal joint, 
which permits of the drill being inclined in any direction, 
while the column arm can be moved up and down and 
rotated about the coiumn. 

Fig. 37 shows a single column in place for drilling a 
slightly inclined hole. 

Fig. 38 showS'two drills, each mounted on a double-screw 
column C. The drill on the left is in position for a hori- 
zontal hole, while that on the right is being placed and the 
driller is shown as tightening the column clamps. 



1^ 




30. Shalt Bars. — In shaft 
quently mounted on a shaft bai 
horizontally, as shown in Fig. 3 



sinking the drill is fre- 
, which is a column placed 
1. This illustration shows 
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the possibility of machine drills and their adaptability to 
Eiiiking and drifting. On the left an undercut hole is being 
drilled while in the center or shaft portion, breaking and 
lifting holes are being drilled by two machines on the same 
shaft bar. All these machines are taking air from one 
pipe «, to which is attached a manifold b. A fourth 
machine could also be worked in the drift to the right. 



31. Steam and Air CouDectlons. — Figs. 40 and 41 
show pieces of rubber hose termed 5-ply, that is, hose made 
of five reinforcement rings of cotton 
alternately covered with rubber. 
These rings give sufficient strength 
to the hose to prevent the steam or 
air stretching the rubber. Fig. 40 

Fig 40 " '> 

shows a marlme-, or tarred-cord-, 
wound hose, the object being principally to prevent rocks 
cutting the hose and incidently the cord may act as a rein- 
forcement. Fig, 41 shows a piece of 
wire-wound rubber hose, the wire 
having the same object in view as 
that mentioned for marline-wound 
hose. The usual size of hose is 1 inch 
in diameter, and only the marline- 
wound hose is advisable for steam, since heat will expand 
the rubber and possibly cause the wire to cut into it ; besides 
wire becomes hot and makes hose difficult to handle. Hose 
for drills is made in special lengths of 50 feet each, and it is 
advisable to purchase it in such lengths, for while it may be 
unnecessarily long to start with, after it wears it can be., 
spliced and still not be too short. 

A hose coupling is shown in Fig. 43, and the method o^,* 
fastening the coupling to a hose in Fig. 43. The innet.-r 
circle of the section shows the stem a of the couplitr*. ^ 
inserted in the hose. The outer end of the stem has j 
collar, or some other arrangement, to which the clamps S 
hold, as shown in Fig. 43; also a flange over which the niat 
passes. Between the stem and the nut is a rubber waslie 
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for making a tight joint when the spud d is screwed into 
the nut. The spud is threaded inside to take a nipple. A 




set of couplings i 
of the hose. 



Fir.. 43 

■onplings one for each end 



33. Power-Drill Bits.— The bits of power 

subject to greater pounding than hand drills, t 

drill steel used for them is 

harder than that used for hand 

drills and contains about 1 per 

cent, carbon. They are usually 

rnade +-shaped, Fig. 44, or 

X^haped, as shown in Fig. 45. 

'^oe latter being considered bet- 

*^[', as there is less liability of 

'ts rifling the drill hole aud 

""Us causing the drill to stick. 

'Although the X bit is prefer- 

^'''e, it is not as much used as 

'•■^ + bit on account of the dif- 

°^«lty in giving the cutting 

ff^s proper angles. 

■'''ig. 46 shows the blacksmith's P"=- « ''■''■ « 

°'s used in sharpening and forging machine bits. The 

^Ee (rt) is placed in the hardy hole of the anvil and is 

,^^, in connection with the spreader {/)), to form the 

**^gs of the bit. After this is accomplished the flatter (c) 

^^ the sow (rf) are used to give the bits the + shape. 

"■*^ dolly ((■) is used to give the bit a proper cutting edge, 

^*i when this has been accomplished the drill is tempered. 
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Tbe cross-bit dolly is sbown at (/) and the top and bottc 
shank swages at iff) and (k). 




In order to eoUrgc tbc diameter of the bit so as to ^yh 
proper dearance in tbe hole, tbc process known as clnb^ 
tit bit is used. The drill steel is fi 
beated in tbc forge, then raised ^* 
ticallv above the anvil, as sho 
at «, Fig. 4'. and allowed to A\ 
apoa tbe anviL This spreads ' 
metal, but before the proper dis 
eter and shape is obtained, it rx 
require several beatings. After 




iK^ 



metal has been sufficiently spre 
tbe Ihi ii' shaped, with a hamn 
*xA tbc tools mentioned, into t 
(om desir^ Tbc last operation 
forging tbe shaak, which requires 

tmly made smge of the same diameter and length as t 

finK^ied shank. 

3A, Wt\\\ iHoia Drills for nnc^ines are made in sets f' 

tw« realms: ^r$t, the diuoeta^ of tbc drill bit becon 
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gradually smaller, due to abrasion against the side of the 
drill hole, hence the hole would become 
too small if the bit were not changed 
frequently; and, second, because the feed- 
screw is only about 30 inches in the largest 
drill, and that limits the depth of the hole 
with any given drill. For example, it is 
desired to drill a hole 10 feet with a IS^inch 
feed-screw, the starter will be 2J inches in 
dianleter, 15 inches long. When this is 
run out, 6 drills, each 15 inches longer 
I than the preceding and each one J inch 

I* less in diameter, would follow, the last one 

I being 8 feet 9 inches long. A set of three 

I bits is shown in Fig. 48. The shank a 

must be forged round and straight, for if 
it is bent even slightly it will break at the 
chuck; and in more than one instance a 
broken piston rod has resulted from a 
crooked shank. 



USE OF MACHrNE DKILLS 

34. Betting Up a Urlll on a Tripod. 

The first matter that needs the attention 
of the drill runner is the direction in which 
the hole is to be drilled to produce the best 
effect. The direction of the hole being 
decided, if a tripod is being used, a small 
hole is made for the point of each leg with 
a pole pick or hand drill and hammer. The 
legs are now put in the spots made and 
lengthened or shortened until the saddle is 
approximately horizontal, when the mova- 
ble legs are securely fastened by the set- 
screws, and the leg weights are put in 
position. The machine is next placed in the 
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tripod saddle and bolted in place, after which the saddle with 
machine is pointed in the direction that the hole is to be 
drilled and bolted in place. The starter, or shortest drill, is 
put in the chuck, its shank having been previously wiped to 
remove any adhering dirt, and the chuck-bolt nuts evenly 
tightened. The piston is next drawn out to the bottom of 
the cylinder until it strikes the cylinder head, and the feed- 
screw turned until the point where the bit will strike the 
rock is spotted, after which the piston and drill are drawn 
away from the face so that the point where the bit will 
strike may be squared off. This is particularly necessary 
where the rock slants or slanting holes are to be drilled, in 
order to prevent the shank or the piston rod bending and 
causing trouble. The rock should have a space a trifle 
larger than the diameter of the bit, squared off with a hand 
drill and hammer, for the machine shakes some and conse- 
quently the bit will not always strike true within ^inch when 
starting. Oil is next poured into the throttle valve and into 
the cylinder, a matter which needs particular attention in 
new drills. 

The machine is now ready to be coupled to the air or 
steam hose, but before this is done the hose should be blown 
out and the end wiped inside and out so that no grit will pass 
into the drill. The hose is next coupled to the throttle 
valve, that being turned off, and the machine is ready to 
start. It requires considerable time to set the drill up 
properly, but it must be done, otherwise it will cost more for 
repairs. 

35. Setting Up tlie Drill on Column or Bar. — If the 

column, or its namesake, the shaft bar or stoping bar, is to 
be used, pieces of plank must be placed between the rock 
and each end, as the column will not always hold without 
this precaution. The column bar is held in place by setting 
out the jack-screws firmly, and with the shaft or stoping bar, 
the locknut on the screw is also tightened. The bar being 
in place, the drill is placed in its saddle and fastened in the 
direction the hole is to be .drilled. As a usual thing, the 
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column arm and clamp are adjusted before the drill is 
mounted upon them, although after this has been done they 
may need some slight readjustment. The hole is pointed 
and the drill coupled to the hose with the same precautions 
observed as when using the tripod. 

36. Starting the Drill.— Before the drill iS started all 
bolts and nuts should be lightened, and the side rods screwed 
down evenly, but no more than to make air-tight or steam- 
tight joints at each end of the cylinder. When starting 
a hole, the throttle valve should not be opened more 
than half way, and not until the hole is from 6 to 8 inches 
deep should it be opened wide; the hole should be kept 
partially filled with water, the quantity depending on the 
stiffness of the mud made. Some rock cuttings mixed with 
water become so stiff that they stop the drill and must be 
removed by a sludge pump When the starter has cut as 
deep as it will, it is replaced by the next longer drill in the 
set. In case a spool valve does not move freely, tap lightly 
on the center of the valve chest; in case this does not have 
the desired effect, it may be taken for granted that some of 
the ports are closed and need cleaning out. If the steel 
gets stuck in the hole and cannot be started with a light 
pound, the drill is probably not in line with the center of 
the hole. This may be due to a bent drill shank, a bent 
piston rod, or the drill mounting having slipped, in any case 
the matter must be remedied, and probably the first step to 
take is to loosen the clamp the guide shell sets in and ascer- 
tain if the drill is in line with the hole. In no case should 
the drill be struck with a sledge; it may cause a bent drill 
shank or bent piston rod. A shght tap on the chuck is suffi- 
cient to loosen the drill if the cylinder is in line with the 
center of the hole. If there should be a broken pawl 
spring take it out and replace it, or if necessary run with 
one pawl, until it can be replaced. 

37. Care of Bteom Drills. — When a new machine is to 
be started with steam, trouble will be sometimes experi- 
enced from the refusal of the machine to start. This arises 
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from the unequal heating of the cylinder, and will disapp^^ar 
as soon as the machine becomes uniformly heated, '^^o 
hasten the heating and discharge the water of condenfsa- 
tion, proceed as follows : Arrange the machine on the tripod 
and set the drill point in the direction the hole is to be 
drilled, then loosen the nuts on the long through bolts so as 
to relieve the cylinder heads. Now turn on a small quantity 
of steam. The water of condensation will run out between 
the cylinder and head, and presently steam will commence to 
blow through and warm the machine. Work the piston in 
and out, by hand, two or three times, so as to have the steam 
blow out first at one end and then at the other. Presently » 
when everything is well heated, the machine will start off 
all right, and the nuts at first loosened should be gracl- 
ually tightened. When learning to run a machine, it i^ 
advisable to use steam at low pressure — say 30 pounds 
per square inch. When accustomed to it, the pressur"^ 
can be increased to 60 pounds or more. It is also 3-^ 
excellent plan to run a new machine with a blunt-point^^ 
steel — simply striking the rock without cutting it — until i^ 
is well * timbered up" and the gum of the old oil thoroughly 
removed. 

In cold weather do not leave water in the cylinde :9^ » 
unscrew the stuffingbox and let it out, otherwise it mai- Y ■ 
freeze and crack the cylinder. 



POWER-DRILL, SPECIFICATIONS 

38. Andre sums up the requirements of a good perca ^^ 
sive machine rock drill as follows: 

1. It should be simple in construction and strong :»^^ 
every part. 

2. It should consist of few parts and especially of fe^ ^*^ 
moving parts. 

3. It should be as light as possible consistent wi"*^-*^ 
strength. 

4. It should occupy as little space as possible. 
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5. The strikinjf part should be of relatively great weight, 
axid should strike the rock directly. 

3. No parts except the bit and piston should be subject 
to violent shocks. 

7, The piston should have a variable stroke. 

3. The sudden removal of the resistance should not cause 
any injury to any part. 

C The drill should be rotated automatically. 

30. The feed, if automatic, should be regulated by the 
advance of the piston as the cutting advances. 

39. "Weight of a Power Drill, — The weight of a steam 
oir compressed-air percussive rock drill, less the weight of 
iWe piston and drill, should be greater than the total steam 
and air pressure upon the piston head, for it is its pressure 
iWat reacts upon the machine and tends to lift it when the 
l>iston is being forced downwards. It is to overcome this 
reactionary force that the dead weights are placed upon the 
lsg3 of the tripod. When the machine is attached to a 
'drilling column, dead weights of course are not required, 
the column compensating the reactionary force. 

If the size of a piston head of the machine rock drill is 
" inches in diameter, and the steam or air pressure be taken 
^t 70 pounds per square inch, the constant force that accel- 
erates the piston and weight will equal 3' X .7864 X 70 
~ 49i, 8 pounds. Hence, the weight that tends to keep the 
"machine in place while the piston is being forced out should 
"^ at least 500 pounds, otherwise the reactionary force will 
move the machine in the same way that a cannon recoils 
*hen a large ball is shot from it. 

40. Power-Drill Dimensions and Other Data. — ^The 

following are the average dimensions and features of the 
power percussive rock drills: 

1- The diameter of the piston varies from 3 to 5 inches. 

^- The length of a stroke varies from 4^ to 8 inches. 

3- The extreme length of the drill from the end of the 
'^e'^-crank to the end of the piston varies from 36 to 
60 inches. 
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4. The length of the piston, or the distance the pistoi 
and cylinder can be moved to follow up the advance of th- 
hole, varies from 12 to 30 inches. 

5. The weight of the machine without the tripod varie 
from about 100 to 700 pounds. The weight of the tri] 
without the dead weights varies from 40 to 270 poundj 
The total weight of the machine varies from 250 t« 
1,600 pounds. 

6. The force of the blow varies from 250 to 1,500 pounds 

7. The mean steam or air pressure used is 60 pounds pe — i^ 
square inch. 

8. The average number of strokes per minute for smal^Kll 
drills is 500, and for large drills 300. 

9. The large machines drill to a depth of approximatel] 
30 inches, and the small machines to about 12 inches with 
out changing bits. 

10. The average work done in drilling downward hole^ =^s 
in granite is about 7 feet per hour. 

11. The depths to which the small and large machines -s 
drill holes are about 4 and 30 feet, respectively. 

12. The diameter of the holes drilled by small anc ^ 

large machines are from f inch to H inches and fro ii =^ 

3 to 6 inches, respectively. 

13. The diameter of the steel bars used for making drill: 
for small machines varies from f to |^ inch ; and for largi 
machines from 1| to 2^ inches. 

14. The number of drills that make a set depends on th^^ 
length of the feed and the depth of the hole desired. 

15. It requires about 5 horsepower to work the smaL ^ 
drills and from 15 to 25 horsepower to work the large one^ ^ 
according to the diameter of their cylinders and the lengtl 
of their strokes. 



ELECTRIC DRILLS 

41. Introduction. — For a number of years invento 
have endeavored to perfect a percussive electric drill, b 
to the present time no one has succeeded in replacing t 
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compressed-air or steam drills, except in particular locations 
where it is almost impossible to work the latter. The chief 
difficulty encountered is that an electric motor does not 
produce an effective direct reciprocating motion. The 
great weight of many of the electric drills is another of their 
most objectionable features. Inventors have worked on 
widely different lines, so that in one case there is a drill 
with a reciprocating piston worked by electricity termed a 
solenoid drill ; in another, the motor and drill are separate, 
the latter receiving power for drilling through a flexible 
shaft; and again, the motor is combined with the drill in 
such a way that a hammer is made to strike the blow. 

In general appearance the electric drill resembles a steam 
or air drill; it is similarly mounted on a tripod, column, or 
bar, and can be used any place where explosive gases are 
not present in excess. 

43. Solenoid Electric Drill. — Electric drills of the 
Marvin type depend for their operation on two coils of 
wire,«ach wound in the form of a spiral or helix, through 
which an electric current is passed first in one direction and 
then in the other. If a steel core be passed through these 
two adjacent coils and a current run through one of them, 
the core will be drawn in one direction; if the current then 
is run through the other coil, the core will be drawn in the 
opposite direction, thus forming a machine that will give a 
forward and backward motion and producing, in effect, the 
^me motion that is produced by steam or compressed air 
acting alternately on opposite ends of a drill piston. 

P'g. 49 shows a longitudinal section of a solenoid drill in 
''"ich a solid steel piston a is surrounded at each end by a 
coil of wire b, c. The shank s of this piston passes through 
^ front head resting on a brass bushing /, as shown. The 
S'ld of the plunger, or piston, is provided with a solid chuck 
°^ holding the drill steel. The change of current from one 
/"I to the other is affected at the dynamo and hence there 
"^"^ necessity for current-shifting devices. The coils b, c 
^ •Jiade of square -sectioned wire and are peculiar to this 
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machine. The bare copper wire of each square section « 
insulated, as it is wound, with pure mica, po other insula- 
tion being used in the construction of the drill. Tlie flr«t 
is wound upon a steel tube p*"" 
vided with steel heads antl ** 
encased in an iron jacket, mati^S 
the coil impervious to din 3-** 
moisture. The shape of the w^ *" 
and the material applied for in^"' 
lation enables the coil tobewow- *" 
so that when completed itispr^^'^ 
tically a solid mass b£ coppers ^*" 
mica that is insulated from t- 3« 
steel tube and the heads of t. i' 
machine. 

The piston on its forward str»^ 
does not turn on the rifle bar ', 
but does on its backward strolc*, 
the ratchet / being held ia pla.<^ 
by a pawl that prevents its turn- 
ing on the forward stroke. This 
arrangement prevents the drill on 
the forward stroke from striltinK 
consecutively in the same place J" 
the hole. The large spring g " 
termed a ciis/iion spring, its func- 
tion being to check the backw»^ 
stroke of the plunger, and '^ 
doing so it absorbs the surpl** I 
energy of the return stroke a"^ ; 
supplies the energy thus stoi"^ 
to the forward stroke. T^^ 
front and back heads are held ^" 
place similarly by bolts that p^** 
along the sides of the drill ca&^' 
the guide shell moves the machi''^ 




The feed-screw /t m luc gumc ancn muyca Lut maLu-- | 
forwards as the crank I' is turned. In case the bit me^t^ 
with no resistance and the stroke becomes excessively Ior*&', 
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the plunger is prevented' from striking the brass bushing / 
by a magnetic force set up in the rear coil. The plunger 
runs quite freely, having no stuffingboxes, but simply hav- 
ing a bearing in the coils and in the front head of the drill, 
It is not necessary that the brass bushing fits the shank 
closely, as the machine runs quickly and without any loss of 
efficiency when this bearing of the plunger is so badly worn 
as to leave it with a great amount of play, the only require- 
ments of the bearings being to hold the plunger somewhere 
within a central position so that the bit does not wabble too 
niuch in starting a hole. 

43. The construction of this drill is such that it can be 
easily taken apart and put together by any one with ordi- 
nary ability. A specially made generator is designed for 
this apparatus and the drills run at the same speed as the 
*iynamo. Each revolution of the dynamo armature pro- 
duces one complete stroke of the drill. The current is led 
fi'oin the dynamo to the drills over independent circuits 
"ia<3e with three copper wires, one wire, usually the middle, 
beingcommon to both circuits. The wires are led from the 
•^yiamo to a point conveniently near the drills, and the cur- 
rent then taken to them by means of flexible cables of any 
desired length, usually about 100 feet. Several drills may 
lie Operated from one set of wires, provided the wires are of 
sufiRcient size and carry the required amount of current. It 
'* generally desirable to carry three wires from the gener- 
ator to the center of the mine and then run separate 
'"'a.nches to the separate parts of the work to which the 
f^ables may be attached at any time. The low pressure 
usetl in operating these drills — about 135 volts to each 
drill—prevents any possibility of injury to the men; in fact 
'tis customary where these drills are used for the workmen 
^° feel of the wires to find out whether the current is flow- 
'"S or not. One of the advantages claimed for this drill is 
^^ low horsepower that it uses and its flexibility, it being 
•"Uch easier to carry the force around in wires than in 
P'pes, also that the power may be generated by means of 
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water at some distance from where the drills are to 
used. A list of the sizes and weights of the drills is giv^^^^ 
in the annexed table. 

TABIiB n 
SPBCmCATIOXS FOR MARVIN DRIIJL.S 



Name of Drill 



Outside diameter of case . . 

Length of drill over all. . . . 

Length of stroke 

Weight of plunger 

Length of feed 

Usual depth of hole drilled 

Usual size of hole at bottom 

Horsepower applied to dy- 
namo pulley 

Weight of machine without 
mounting 

Weight of tripod without 
weights 

Volts at the drill 

Amperes 



5-Inch 
Drill 


6-Inch 
Drill 


7-Inch 
Drill 


5 in. 


6 in. 


7 in. 


43 in. 


45 in. 


50 in. 


5 in. 


7 m. 


8 in. 


25 lb. 


55 lb. 


651b. 


2o m. 


24 m. 


24 m. 


3 ft. 


8 ft. 


15 ft. 


i|in. 


i| in. 


if in. 


4H.P. 


6H.P. 


8H.P. 


i8o lb. 


300 lb. 


395 lb. 




150 lb. 


180 lb. 


135 


135 


135 


15 to 25 


20 to 30 


30 to 45 



8-In-' 
Dr=i 






8 
53 

8 
3 



in. 
in. 
in. 
lb. 
in. 
ft. 
in. 



10 
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.p. 



lb. 



Note. — The number of strokes per minute is regulated accordin 
the character of the rock, but is usually 380. 




44. The Flexible-Shaft Electric Brill.— Figs. 50, -^^' 
and 52 show the Gardner electric drill that has recen^^^v 
been introduced into the western part of the United Stat^^^^- 
The electric current in this case does not enter the dc^"^ 
itself, which is separated from the motor b and connect ^^ 
with it by a flexible shaft «, Fig. 50, but the power *^ 
delivered to the bit by means of a crank that is revolved t^y 
beveled gears that receive their motion through the flexib^ ^^ 
shaft. The drill weighs from 150 to 315 pounds, accordir^S^ 
to the size, and is mounted either on a tripod or column. 
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ftric motor runs ordinarily at a speed of 1,800 revo- 
ler minute and is geared by means of a pliosphor- 
linion and a cast-iron gear to what is termed a 
"7. This cast-iron gear drives the shaft by means 
iber friction disks on either side of the hub; the 
for friction grip being produced by a spring that is 
[ficient tension to drive the drill under norma! con- 
lut should the drill still stick in the hole and prevent 




rtlie flexible shaft, the cast-iron gear will slip and 
/ent serious damage to any part of the mechanism. 
er is transmitted from the jack-shaft at the motor 
the flexible shaft to a pair of miter gears a. Fig, 53, 
ank-shaft of the drill. This crank-shaft having a 

the center crankpin a. Pig. 31, transmits power to 
ir b, in which is a cam-slot c so designed as to give 
vbar a relatively quick forward stroke and a slow 
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return. This bar transrx^ji'te 
power to the plunger d 
through spiral springs e t:l~xat 
are of sufficient strength to 
strike a blow necessary to 
cut rock, at the same tiinae 
these springs are useful in 
forming a cushion, as tlie 
drill can be run while r-».«t 
striking rock without serioTis 
damage to the ma chin «■ 
The rotation of the drill is 
affected by means of ratctael 
wheels located in the f*Dr- 
ward part of the body of the 
drill, but not well shown in 
the illustration. In the 
plunger, there are straisfiit 
grooves that engage the trr^r- 
responding ratchet wheel io"" 
guiding the piston strai^t'it 
during the forward strokCi 
and the spiral grooves t«i3l 
^"g^ge the corresponds ug 
ratchet wheel for turn i '^% 
the drill on its backw^'^'^ 
stroke. Fig. 51 shows "^^^ 
guide shell /. the fee: <!■ 
screw g% the feed-sc«~** 
nul *. and the feed-scr'*^ 
crank r There is a f ^ 1' 
wheel j on the crauk-sl*'^^ 
of the drill to steady *^ 
movejnent of the- macbi*'^ 
The chtick k does not id»**- 
rially differ frocn those *^ 
scribed. The smaller d«rJH 
requires a 1^ 
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motor, which weighs about 175 pounds. This drill will cut 
holes to 5 feet in depth with a 3-inch bit, and strikes about' 
600 blows per minute. The leiigCli of the stroke is stated 
to be aj inches and the force of the blow about 300 pounds. 
The larger drills have a aj-horsepower motor, which weighs 
about 300 pounds. This drill starts with a aj^inch bit and 
cuts holes 8 feet in depth, striking 500 blows per minute. 




weight and general construction of these drills is to 
*iieir advantage in handling, but the heavy motor that must 
'*^^ carried around detracts from this in a measure. It is 
'claimed that these drills are much cheaper to operate, and 
*hat from 6 to 8 Gardner drills can be operated with the 
^anie amount of power that is required to operate one air or 
^team drill. It is claimed further that one drill will do the 
^*^rfe of from 8 to 10 men with hammers. 

45. Box Electric Drill.— The Box electric drUl is a 
recent invention. In the design of this drill the inventor 
"as endeavored to avoid the weak points which experience 
^8 shown exist in other electric drills, with the result 
'Y^t several new features appear, making it radically 
different from other percussive drills. The power .for 
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<3riviiig the drill is supplied by a small electric motor a, 
shown in Fig. 63 {a) and {b). On the armature shaft of the 
motor is a pinion that forms a train with the gear b on the 
crank-shaft c, thereby causing that shaft to rotate. At 
tfie other end of the crank-shaft is a pinion that drives 
the gear-wheel (/, and this in turn drives other gears and 
^afts, as shown in Fig. 63 {a), for the purpose of trans- 
°>it.ting rotary motion to the chuck e. 

There is a connecting-rod g, which imparts reciprocating ' 
■iiotion from the crank to the hollow crosshead It, and thus 
'** the hammery that strikes the drill steely. The hammer 
3-r»ti crosshead are connected by a spiral spring /. In order 
''^ permit the drill bit to cut rock freely, water is allowed J 
'o flow into the drill hole through the tube k. A valve m, I 
^ifi:. 63 {b), is fitted to the frame of the machine, and to this 1 
* rubber hose leading to the water-supply connection is 
f-ttached. The V guide shell n and feed-screw o are similar 
^'^ tlieir action to those previously described for other drills. 
_ Me entire mechanism is enclosed in a steel casing, so there J 
'^ tio danger of the operator's fingers or clothing becoming I 
^a-Ugljt^ or of dirt and dust reaching the moving parts, I 
^*^« drill may be worked either from a tripod or column I 
^'^'i have the same adjustments as the air drill, I 

4r6. The principle of applying vibration to rock drilling 
'® ^ new idea, yet this is accomplished in the Box drill with 
^Pjiarent satisfaction. The striking action of the hammer 
*® t»ased on the principle that if a weight is suspended from J 
* i~ubber band held by the hand and the hand is moved up I 
^*^<3 down, the weight will also move in a similar manner, but 1 
^"1 rough a greater range, owing to the elasticity of the rubber. ' I 
^ this drill the hammer represents the weight, while the I 
^^iled spring is the substitute for the rubber band. The I 
^'"<:»sshead moves very fast, and the hammer with the same I 
Velocity, thus accomplishing the same result as heavy I 
pistons in other drills moving with comparatively slow 1 
Velocity. When the hammer strikes the drill, the shock or 
^*=coil is taken up by the spring and is not transmitted to 
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tlie machine in the same manner as in other drills; tM^ 
permits the drill to run smooth and without jar. 



47. The weight of the Box drill with motor is 350 poundS' 
When the motor is removed, the drill and guide shell 
350 pounds, which weight compares favorably with air dril S-^ 
having a 3-inch piston. The makers claim that, where 
solenoid electric drill requires 7 horsepower, and a flexible 
shaft electric drill requires 3,5 horsepower, this dri *^ 
requires 1 horsepower for the same work. There are b— -*'^ 
heavy reciprocating parts, as they are not needed when tb^^^ 
hammer and drill steel are separated, and the drill chuck ^^* 
stationary. The drill steel may be easily removed an -^^ 
another substituted without unscrewing and screwing u -^P 
chuck bolts, an item which saves considerable of the driller^ -^ 
time. One firm considers that this fact, and the ease wit; ^i:*'' 
which the drill can be mounted and unlimbered, saves [heir^»^ ^ 
an hour a day. There is no danger of the machine heict -*^S 
damaged if the feed is too fast or too slow, as the strikin; -*^S 
mechanism is independent of the drill steel. There is perfect:;:* '^l- 
control of the speed, with constant and uniform rotation tt:— ^*f 
the steel, thus producing a round straight hole without fitcliri^i'' 
ering. The wear on drill steel should not be as great as i -W^m 
other drills that are usually turned by rifle bars, ratchet^=^ A 
pawls, etc., as the drill moves back and forth. No speci ;z=' " ^ 
steel is required for this drill, and the machine is not nois\^^T- 

By means of the water tube the drill is pointed correctl^^'. 
and any movement of the machine will not break a shank cn^ 
injure the drill, before it is noticed; it further permits J^ n 
easier centering of the machine after movement. Tt^e 
water is also delivered at the bottom- of the hole, thtJS 
washing away the rock particles as soon as they are cat. 
The simple method of holding the drill steel in the chuck is 
not shown in the illustrations given, but has decided advan- 
tages over the ordinary chuck keys, U bolts, and nuts, as 
the chuck block that holds the drill is hinged and made fast 
by a pin, thereby lessening the time necessary for changinK 
drills and doing away with repairs at this point. 
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ROTARY POWER DRILLS 
4:8, ConipreBaed-AIr Augur Drill. — Fig. 54 shows a 
itji-rj- power drill driven and fed by compressed air. The 
nail rotary engine that drives the drill is placed between 
le prongs of the drill post and above the supports, which 
aid it in any desired position. Instead of such a feed-screw 
i is used on hand drills, a piston rod in the cylinder a is 
:ted on by the air and _ forced outwards as the hole is 
ivanced. The small pinion on the motor shaft gears 
temally with the wheel d, which turns the piston rod 




*<3 auger e. Tt is clear that while the wheel 6 turns the 
■^Ser, it also permits it to move longitudinally. This is 
•^Complished by means of a feather and slot; the slot 
"ttends the entire length of the feed-screw, while the feather 
' stationary In the hub of wheel li. Without this arrange- 
"*^nt the feed-screw would not turn' with the wheel ^ and 
*ed forwards through a feed-nut. The brace c supports the 
^xtra weight at the rear of the post, and the brace rf makes 
^tie post more rigid. The auger can be advanced with a 
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constant pressure, and therefore the bit is not likely to breads 
when it meets any hard substance. The air is admitted w 
the cylinder a through the valve/, and to the rotary engim*: 
through the valve ff. The drill is supported on a frame (^ 
post similar to that used with hand drills, only stronger. 

49. 1:16011:10 Auger Drill, — Fig. 6fi shows a Je£tr^fc. 
electric auger coal drill. A small motor of from 1^^ ■ 
i horsepower, enclosed in a case, has on the end of its 
ture shaft a small pinion that gears with the large wheel 
The current IS supplied through the cable c. The drill c= 
be given an elevation and clamped at various levels by t^ 




lever ti. A longitudinal slot in the feed-screw e receives a 
feather, or projection, on the gear-wheel d, which regulates 
the number of revolutions of the feed-screw and drill / 
Two drill bits or augers are used for each hole over 3 f^^' 
deep; one is 3 feet long and the other 6 feet. The tim^ 
required to drill a 6-foot hole in ordinary bituminous coal 
with this drill is from 1 to 14 minutes. 
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TBMPBBENG AND DRESSING STEEL 



SO, Commercial Forms of Iron. ^— The three forms in 
which iron occurs commercially are cast iron, steel, and 
"wz-ought iron. There is no exact line of division between 
these three forms, as each one grades gradually into the next, 
al though the amount of carhon that each form contains may 
be considered aa the principal element that distinguishes it. 
Cast iron contains the highest percentage of carhon, usually 
over 3 per cent., is brittle and very slightly elastic and 
ductile. Wrought iron is the purest form; it contains very 
little carbon, usually only from .02 to .01 per cent., and is 
toiagh and ductile. Steel is intermediate between cast iron 
and wrought iron, both in the amount of carbon that it con- 
tains and in its properties, and no absolute definition of it 
*^a-Ti be given. Much of the material that is now known as 
lo-vv-carbon steel has practically the same composition of 
■W^hat was formerly called wrought iron, 

-Although carbon is the principal element combined with 
the iron ajidis the principal ingredient that distinguishes the 
*iiflEerent varieties of iron, and also the different varieties of 
^t«el, there are several other elements, principally sulphur, 
Phosphorus, manganese, and nickel, that while they may be 
*^a.l]ed impurities in the iron or steel, exert a great influence 
°n its quality. Sulphur renders iron or steel red-short, or 
•brittle, when heated. Phosphorus renders iron or steel cold- 
^^lort, or brittle, when cold. A small amount of manganese 
^^nders steel both tougher and harder, while a small amount 
^f nickel increases both the tensile strength and the ductility 
**f steel. 

ol. Drill Bteel. — In order to make a good percussive 

^'"ill, it is necessary to have special steel, known as drill 
*'«/, which must be tough when hardened and must not be 
too brittle. A moderately high-carbon steel containing an 
1 per cent, carbon is generally used, provided the steel 
floes not contain impurities that will make it brittle; a very 
"•le tool steel will not answer for rock drilling, as it chips too 
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easily. Drill steel is generally octagonal or round in shai>c 
and is furnished in lengths of 6, 8, and 10 feet and varies in 
diameter from ^ inch to 2 inches, the sizes most commonly 
used being from J inch to 1 inch in diameter. Smaller sizes 
than this are too elastic, and larger sizes are too heavy f o^ 
ordinary work, except for starters. 

52. Dressing the Bit. — The tool dresser should under- 
stand that wrought iron can be converted into steel by ca.r- 
bonization and steel into iron by the oxidation of a portion 
of -its carbon. For example, if a piece of wrought iron is 
buried in powdered charcoal and the air kept away from it, 
the skin of the iron becomes carbonized and converted into 
steel ; and if on the other hand a bar of red-hot steel is 
buried in oxide of iron, the skin of the steel becomes decar- 
bonized and is converted into a malleable steel or possibly 
wrought iron. In the same way, if the cutting edge of ^ 
bit is made red hot in the forge fire and kept at that beat 
for some time, it will be decarbonized and converted into 
mild steel. Hence care should be exercised in heating the 
drill bits. In shaping tools, blows should not be heavid" 
than is necessary for the required work; they should be 
glancing, so as to draw the fibers of the stee^ toward the 
cutting edge of the bit. 

For sharpening drill bits any straight peen hammer that 
has a smooth face will do; but if there are many tools to t)^ 

dressed, it is better to have either of the 

blacksmith hammers shown in Fig. 56 (^) 

and (d). Blacksmith coal and charcoal ^-^^ 

the best for forge work; however, any co^^ 

that contains but a small amount of sulphti^» 

produces little clinker and ash, does not spli^' 

ter or fly, and gives a solid fire that wi^^ 

(a) (b) reach over the piece being forged, may t>e 

^^""'^ used. The bit and a small portion of th^ 

shank should be well bedded in the coals, when heating, ^^ 

prevent oxidation and loss of carbon, which will soften th^ 

iron and render it unfit for use. The heating must ^^ 
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uniform and gradual, for which purpose the drill is turned 
o«r in the fire so that it may become heated to the center. 
When the shank of a drill is heavy, compared with the bit, 
it should be subjected to the stronger heat in the fire so that 
the heating will be uniform and more easily controlled. 
When the proper heating has been obtained the drill is with- 
drawn and lapped lightly, or brushed off, to free it from any 
adhering cinder. The smith, then, with a few light, dex- 
trous blows shapes the cutting edge. 

If the corners of the bit are badiy worn, it will perhaps be 

found necessary to upset the edge at the center to give the 

''it its proper width; this is done at a 

fair heat. The smith then holds the 

drill at an angle of elevation of about 

^°, and placing the edge of the bit 

*''en with the edge of the anvil, 

''S. 67, strikes a series of light, glanc- 

"^? blows, turning the bit over from 

'"He to time. This serves to draw the 

^bers and toughens them, giving a ''"'■ " 

''etter edge to the too!. The edge may then be dressed with 

^ file if 'desired before tempering. It is important to 

■"^niember that the blows of the hammer must not be too 

iieavy; the lighter the blows, the tougher will the steel be 

'endered. 

In dressing the bits of a set of drills, care should be 
'*»ken in regard to the width of the bit, that each successive 
'sngth of drill be made a trifle narrower than the preceding 
length in order to enable it to enter the hole made by the 
other drills when slightly worn, 

fiS. Temperature of Heated Iron. — Table III will 
"* of interest as giving the approximate temperature and 
'^'^rresponding color of heated iron from dark red to the 
'^siting point. 

The dark redness of iron heated to 1,000" F. is barely 
fcY'^ble in bright daylight, but plainly visible in twilight or 
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TABIiE in 



Temperature 




Degrees 


Degree of Heating 


Fahrenheit 


• 


700 


Just visibly red in dark 


1,000 


Just visibly red in daylight 


1,300 


Dull red 


1,500 


Scarlet 


1,650 


Cherry 


i,«5o 


Bright cherry 


2,000 


Dull orange 


2,200 


Bright orange 


2,400 


White 


2,550 


Brilliant white, welding heat 


2,820 


Dazzling white, melting point 



54. Teini)ering Steel. — After the drill bit has 
properly shaped, it is tempered; that is, it is giver 
hardness necessary for the work which it is to do. Tl 
accomplished by reheating the drill and cooling, 
should not be heated harder nor longer than is neces 
as there is danger of burning it; that is, oxidizing the 
bon in the steel and thus changing its quality. It i 
safe to heat high-carbon steel, such as drill steel, above 
redness and never above cherry red, or a crystalline b 
structure may develop during tempering. A piece of 
properly tempered should always be finer in grain thai 
bar from which it was made. If it is necessary, in ord 
make the piece of necessary hardness, to heat it so hot 
after being hardened it will be as coarse or coarser in : 
than the bar, then the steel itself contains too little C2 
for the desired work, and is said to be burned. 

55. Heat Colors of Steel. — When steel is si 
heated, its surface gradually changes in color, due prol 
to the formation of a fine film of oxide on the surface. 
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colors that thus successively appear from a low to a higher 
tftmperature are a yellowish-white or light-slraw color, a 
dark-straw, gold or yellow, brown, purple, violet, and deep 
blue. Finally, the steel becomes red hot and a black oxide 
is formed. These colors are deeper and more distinct the 
better the quality of the steel, and are often scarcely per- 
ceptible in very poor steel. The practiced eye of an expert ' 
steel man determines with great accuracy the quality of the 
steel by the depth of the colors. Whatever their cause, 
tliese colors indicate important changes that are taking 
place at different temperatures in the hardness of the steel, 
and furnish a reliable guide in the tempering of steel to any 
required hardness. Now, if the order be reversed and a 
piece of steel be first heated to low redness and then allowed 
to cool, the same colors will be observed 
"pon its surface in the reverse order, 
the blue first appearing, then the pur- 
ple, brown, yeliow, straw, and white, as 
the metal cools. If the changes that 
^e taking place in the metal can be 
suddenly arrested by cooling the steel 
at any given point, the steel will 
acquire permanently the hardness and I 
character corresponding to such tern- I 
ps'^ature. This is done by suddenly 
plunging the steel into a cold bath of 
either water or oil, etc. When a drill 
''it that has been submerged and cooled 
'" this manner is withdrawn from the ^ 
^^th, the reserve heat in its shank Fi"- w 

travels by conduction toward the bit, raising its tempera- 
ture gradually to that of the shank, and producing a flow of 
colors^ Fig. 58. down the tool, starting from the point to 
.'^'lich the steel was cooled and disappearing at the cutting 




Sfj^ The following experiment will enable a person to 
^"^iliarize himself with the several colors appearing on the 
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surface of the steel and the hardness of the steel correspoti^* 
ing to these colors. Take an old table knife and lay it on ^ 
very hot stove or very hot iron, presently the blade '^^^ 
show a straw color that will move toward the handle, tViis 
will be followed by a yellow, then a brown-yellow, a bro'*^^* 
purple, purple, and blue in quick succession. The deg^^^^ 
of hardness corresponding to the different colors may ^^ 
learned by placing the blade flat upon the hot iron so tl^^^ 
its entire length will be of the same temperature and co 1 ^^ 
at the same instant. When the blade becomes straw cc^l^^^ 
plunge it quickly into the water and then test its hardn ^^ ^^ 
with a file. Repeat the operation for the different col( 
and when the work is complete the experimenter will hi 
a very good knowledge of the degree of hardness that c 
responds to the different colors for the particular quality- 
steel in the knife blade. In the same way a blacksm :i 
learns the degree of hardness that corresponds to t 
various colors of each grade of steel that he has to work 
dress for bits. 

Table IV gives the temperature corresponding to t X^e 
several colors that form upon the surface of bright-temper" ^^ 
steel when heated to dull redness and then allowed '^^ 
cool. This table is given as an illustration of wh». ^^ 
is done in the tempering of different kinds of steel C'^^^ 
different i)ur[)oscs, and will serve as a helpful guide in t I^^ 
temperinj^ of different grades of tool steel. It must not t^^ 
supposed, however, that certain grades of steel will not ta 1<^ 
a higher temper than that indicated in the table. This vr' ^** 
depend murli on the character of the work, the use ^^^ 
handling the tool receives, and the experience of the wor' ^' 
man. For example, it is not uncommon for picks to t^^ 
tempered at a brown, or hard-coal drills to be tempered at:^ ^ 
yellow, althouj^h in such case the tools require careful 2iwr^^ 
experien(M'd handlin;^ to avoid breaking the bit. 

Not only is it important that one who tempers drii^^ 
should know the temperatures indicated by the differe:*^^ 
colors, but one should also know that colors will vary f ^^^ 
different qualties of steel. For example, with a fine quah 
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TABLS rV ^^M 


Tefflpera. 

tare 
Agrees 
Fahrenheit 


Colors 


1 


430 
4SO 
470 

490 

5'o 

SSo 

600 


Very pale yellow 

Paie yellow 
Full yellow (straw) 

Brown 

Brown, with 

purple spots 

Purple 

Bright blue 
Full blue 

Dark blue 


Lancets ^^^H 
Razors, metal engraving tools ^^| 
Knives, hammers, punches, ^^^| 

taps, dies, cold chisels (steel) ^^| 
Hatchets, scissors, drills (rock ^^| 

and hard coat) ^^M 
Axes, planes, picks (hard ^^| 
coal), tools (copper) ^^^| 
Wood-turning drills, picks ^^| 

(soft coal) ^M 
Springs, augers ^H 
Cold chisels (soft iron and ^^ 

copper) 
Spiral springs, hand saws 


of cast steel a temperature of 490° F., corresponding to a 
brown color, would give a bit when cooled at that tem- 
perature a cutting edge suitable for drilling in rock of 
"erage hardness; but with a comparatively mild steel 
bavjng from .5 to .6 per cent, of darbon a temperature of 
^J*"-, which corresponds to a purple color, would be 
'«Hiire(j i-o attain the same hardness and toughness. 

PBACTKAX POINTS IN TEMPERING 

. *• In tempering a drill bit the following points should 
"« observed: 

' "When the bit is plunged in water, it should be moved 
P aujj down, or the molecular tension above and below the 
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water-line will be so different that the bit will be liable 1 
break in the same way as a glass when hot water is pouir^ 
into it. 

2. The drill bit should not be heated in the incandesci 
cinders of a fire, as that will decarbonize and render 
cutting edge worthless. 

3. The bit should be heated a few inches back from 1 1 
cutting edge to prevent decarbonization, and it should r^^ 
be kept in the fire longer than necessary to heat it to 
cherry-red color. 

4. Immediately after removing the bit from the fir^ 
should be plunged in water for a moment to partially cool 
and then should be rubbed on a stone to remove the outsid 
scale in order that the colors may be easily distinguished. 

5. The colors should advance parallel to the cutting 
edge ; and if in any case they are observed to do otherwise, 
that portion of the bit to which they are advancing most 
rapidly should be held in water. Frequently it is necessary 
to plunge the bit in water several times to obtain the proper 
parallelism before the final cooling ; if the bit were cooled 
when the colors were not parallel to its cutting edge bU-^ 
crossed it, the cutting edge would likely be too soft in on-^ 
place and too brittle in another. 

58. Tempering in Oil. — The drill bits are more seJ^' 
viceable when tempered in thick oil or cold tar than whe^^^ 
tempered in water. It is presumed that this is due to tl^ ^ 
water rapidly chilling the thin parts and the skin of thic^ * 
parts, thus producing uneven hardness in the bit while c^ ^ 
or tar cools the bit more gradually and thereby renders '^^ 
more tough. If it is found that a certain bit should t^^ 
dipped in water when it has a blue color, it should be dipp^ ^ 
in oil when it has a purple color; in other words, to produ* 
the same degree of hardness with oil that has been obtaini 
oy water, the bit should be dipped in the oil when it has C 
color that precedes the one that it had when dipped in wat^'^^ 
In nearly all cases steel is made tougher and more unifoid^ 
when tempered in oil than when tempered in water. 
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59. Annealing, or Softening. — -The pr* ess of soften- 
ing iron or steel by heating to redness and slowly cooling is 
called annealing. The proper heat for annealing steel is a 
bright cherry red; but as high-carbon steels are apt to 
assume a slightly crystalline structure at this heat, their 
annealing heat should be somewhat lower. Drill steel may 
be safely annealed from a dull-red to a cherry heat. The 
toughness and softness of the steel increase with the slow- 
ness of the cooling. Ashes, being a poor conductor of heat, 
are often used for covering the hot steel when annealing, so 
that it will cool slowly. Sometimes the cooling is done in 
the air, in which case the surface of the metal is decarbonized 
anti toughened, but the steel is not as soft, as al! the aniieal- 
'Ogr effect is produced while the steel is cooling to a point 
Just below visible redness, 

^50. The quenching bath is generally a large tub or 
tank of water of sufficient size to allow the cooling to be 
doTie rapidly and without danger of raising the temperature 
« the bath; otherwise, the hardening of the steel will not 
^ accomplished in a thorough manner. Some of the baths 
c»rximonly used, given in the order of their rate of cooling, 
ar^ brine, water, rape-seed oil, tallow, and coal tar. Soapy 
water cools still more slowly than clear water. As pre- 
viously explained, in the use of any bath cooling more 
slo-wly than another, the steel must be plunged enough 
curlier to secure the same temper, since the condition of the 
st^^l changes continually until arrested by quenching. 

In the use of oil, for tempering, there is a certain amount 
°f carbon absorbed by the surface of the hot iron, which 
tliereby becomes slightly carbonized and toughened as well 
^® hardened. 

An oil bath smokes slightly when steel is tempered at 
■ the yellow, stronger and darker smoke is produced when 
tempering at the brown, and heavy black smoke at the 
purple. The oil begins to light when tempering at the full 
^ark blue, but does not burn continuously. When hot steel 
IB plunged into a bath it must be moved about quickly to 
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prevent a line of fracture being formed in the steel at the 
surface of the liquid ; the motion also increases the rate oi 
cooling. 

61, Specifications for Drill Steel.— That portion of tUe 
drill which fits into the piston chuck varies according to tVie 
size of the drill. This shank is made of certain diamet:^^ 
and length, for example, 

TABLE V 

SIZE OF SHANK OF I)RIL.L.S 



Diameter of 
Drill 

Inches 



2 



Size of Shank 
Inches 



|X3 
I X5 



Diameter of 
Drill 

Inches 



3 

3i 
3l 
4i 



Size of ShaxTB. 
Inches 



liX 6 
i|X6f 
liX 7 



The steel usually employed is octagonal, although t lie 
weight per foot in the accompanying table is given f <^r 
round steel as well. In arriving at the weight of st:^^! 
required for a drill, J pound is to be added to compens^ ^^ 
for the enlargement of the bit. The number of drills it^ ^ 
set will depend on the length of the feed-screw and t^^ 
depth to which the hole is to be bored ; for example, witt*- ^ 
12-inch feed it would require four drills for a 5-foot ho^^' 
but only three when a feed-screw is 15 inches. In each c^-^^ 
each succeeding drill is 12 or 15 inches longer than the o^^^ 
preceding, and this length must be followed to correspoi^" 
with the length of the feed-screw. The starting drills ^^^ 
made of heavier steel than the ones following, for the r^^" 
sons that tlie heaviest work comes on them; and the h<^^^ 
must be of larger diameter at the start, since it will gi*^^ 
smaller in diameter the more depth it has. Ordinary dn^^ 
holes are not much over G feet, but at times holes 25 f^^^ 
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deep may be needed ; as the bits wear, each succeeding bit 
is ma^de smaller and the blacksmith must gauge the 
diameter of bits for the depth of hole to be drilled. Usually 
each succeeding bit is made ^ inch in diameter smaller than 
the preceding. 

TABIiE VI 

• WEIGHT OF DRILL. 



Round 


Octagonal 


Round 


Octagonal 


Size 


Weight 


Size 


Weight 


Size 


Weight 


Size 


Weight 


Inches 


Pounds 


Inches 


Pounds 


Inches 


Pounds 


Inches 


Pounds 


i 


.04 


i 


.04 


i» 


7.05 


li 


7.32 


■ A 


.09 


tV 


.10 


If 


8.18 


I| 


8.64 


i 


.17 


i 


.18 


If 


9.38 


I| 


9.92 


A 


.26 


A 


.28 


2 


10.71 


2 


11.28 


t 


.38 


f 


.40 


H 


12.05 


2i 


12.71 


A- 


•51 


A 


.54 


H 


13.60 


2i 


14.24 


i 1 ■"' 


i 


.70 


2f 


15.10 


2| 


15.88 


i 1 -^^ 

" 1 1.27 


.V 


.89 


2i 


16.68 


2* 


17.65 


» 


1. 10 


2| 


18.39 


2i 


19-45 


a 


1.33 


2J 


20.18 


2* 


21.28 


i 


1.58 


2* 


22.06 


• 2i 


23.28 


if 


1.83 


3 


24.10 


3 


25.36 


i 


2.16 


34 


26.12 


3i 


27.50 


n 

T 


2.35 


« 


2.48 


3i 


28.30 


3i 


29.28 


H 
If 


-2.67 


I 


2.82 


3f 


30.45 


3f 


32.10 


3-38 


li 


3.56 


3i 


32.70 


3i 


34.56 


4.17 


li 


4.40 


3* 


35.20 


3f 


37.05 


5.05 
6.02 


If 

14 


5.32 
6.34 


3t 


37.54 


3f 


39-68 
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MINING EXPLOSIVES 



INTRODUCTION 

1, Definition. — An explosive is a single substance or 

Hiixture of substances capable of being suddenly, and more 

or less completely, transformed into a large volume of 

gaseous products by the application of heat or shock, or both. 

The result of the chemical action, when an explosive is 

ignited, is the sudden production of a large amount of gas 

at a very high temperature. This gas exerts such enormous 

pressure on the sides of the space confining the explosive 

that it breaks and shatters them. 

2. Chemical Action or Explosives. — With explosives 
'Composed of a mixture of substances, the gaseous products 
^re formed -by the combination of certain of the constitu- 
ents with the oxygen contained in other constituents; black 
''owdgj is a good example. Some of the most sensitive and 
'^**Jeiit explosives contain no oxygen whatever (as for 
*^Dnple, nitrogen iodide); these explosives are definite 
^n^iical compounds and the explosion is due to a re arrange - 
'^t of the atoms and a breaking down of the molecule into 
J^^"^ stable gaseous products. In many other explosives, 
"^^^h are also definite chemical compounds but contain 
^^feen, such as nitroglycerine, guncotton, etc., the breaking 
''^M of the molecule may be considered an internal com- 
^t-ion of the carbon and hydrogen of the molecule. 



'^"» The force of an explosive, whether < 
*■ compound or a mechanical mixture o 

~^*-W«lrrf to Inttniational Ttxlboak CompaHy. Enltrid al SliU 
§3ti 



single chem- 
compounds 
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depends: (1) on the suddenness with which the s:ases are 
liberated; (2) on the amount of gases liberated; (3) on 
the temperature developed by the explosion. In combus- 
tible explosives, the rapidity of the combustion varies 
greatly according to the kind of explosive, the rate oi 
combustion in black powder being 6 inches to 13 feet per 
second, while that of nitroglycerine may exceed 16,000 feet 
per second. 

According to the composition of the explosive, this 
chemical action may be: (a) A comparatively slow-burning 
and spitting of flame, known as deflagratiany in which trie 
heat that ignites the substance is transmitted, by conduction^ 
from particle to particle comparatively slowly, {b) A^^ 
almost instantaneous transformation and interchange o\ 
atoms known as a detonation. This decomposition is dtae 
largely to shock and is transmitted with great rapidity by ^ 
wave of compression that affects the entire mass almost 
simultaneously. 

4. The volume of the gaseous products varies with 
the character of the powder and the conditions under whicli i^ 
is exploded. For example, 1 volume of gunpowder exploded 
under conditions similar to those in practice yields from l75 
to 200 volumes of gases at ordinary temperature and atmos- 
pheric pressure. The solid products resulting from tli^ 
explosion occupy slightly more than one-third of the origin^^ 
volume of the explosive, and the gaseous products soro^' 
what less than two-thirds, which gives the relative volutf^^ 
of the gases with respect to the actual volume of the hol^ 
they occupy, as from 260 to 300 volumes. 

This 300 volumes of gas is all confined in the 1-volttXi^^ 
hole where the tendency to expand causes a pressure. Tl^^^ 
is assuming that the gases are at the ordinary atmosphe^^^^ 
temperature, but in reality the temperature is much higl3.^^ 
and consequently causes a much higher pressure on tt*® 
retaining walls. 

5. The theoretical temperature of the combustion, ^^ 
calculated from the chemical equation expressing the react?^^^ 
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that takes place in the explosion, can only be realized when 
theconfining walls are absolutely unyielding. When rupture 
lakes place before the fuU force of the explosive is developed, 
EJtpansion follows and the temperature of the explosion is 
thereby reduced; this is particularly the case in blasting 
coal- In rock blasting, the confining walls being more 
unyielding, the temperature of the explosion is higher than 
'^hen blasting coal. The temperature of combustion for 
°iosi of the explosives varies from 5,000" F. to 6,000° F. 
'■^ blasting coal with black powder, the temperature of 
^plosion does not much exceed 2,000° P., owing to the 
slow combustion of the powder and the yielding nature of 
fie coal, giving an expansion due to the heat of the explo- 
Mon equal to five times the volume of the gases produced. 
A-Sauming the relative volume of gases produced as 300 at 
atmospheric temperature, the total expanded volume of the 
eases under these conditions is 5 X 300 = 1,500; that is, 
1- "volume of blasting powder under ordinary conditions of 
t>lasling coal, yields 1,500 volumes of gases at the tempera- 
ture of the explosion. Also. 1 volume of nitroglycerine 
produces, when exploded, practically 1,300 volumes of gas 
*t ordinary temperature, or about 16,000 volumes at the 
temperature of combustion {5,954° F.). Under ordinary 
'Conditions in practice, therefore, black powder may be 
sssumed to be capable of 1,500 expansions in blasting coal, 
^Qd possibly 2,000 in blasting rock, while nitroglycerine is 
'^Pable of 16.000 expansions. 

Jo the use of detonating explosives, there is a period of 
^treme cooling following the explosion and rupture of the 
i^^lls. As a result, the high initial temperatures of these 
t *t>]osive3 are not maintained a sufficient period of time for 
P*^ ignition of firedamp that may be present in the vicinity 
P^ the blast. Nitroglycerine, with an initial temperature of 
f*^**ibustion of 5,954° F., is cooled by expansion of the 
F^Ses to 1,792° F. 



^. The initial force of the explosive, or the force 
-Veloped at the moment of explosion, is proportional to 
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the number of expansions of which the powder is capable, 
and is equal to the atmospheric pressure multiplied by tlie 
number of expansions. Thus, calling: the atmospheric pres- 
sure at sea level 14.7 poimds per square inch, nitroglycerine 

•11 ^1 ^- u ^- t 14.7 X 16,000 
will develop a ruptive, or burstmg:, pressure of ' 

= 117.6 tons per square inch, while blasting: powder under 
ordinary conditions of blasting coal will only develop 

^^'^o^'^^ = 1^-02 tons per square inch. 

7, The ineclianical -work of which any explosive i^ 
capable is estimated by multiplying the volume of gas^s^ 
produced in explosion by the atmospheric pressure. Yc^'^ 
example, assuming that nitroglycerine is capable of 16,00^ 
expansions, each cubic inch of nitroglycerine is capable ^i:>f 
doing 16,000 X 14.7 = 235,200 inch-pounds, or 19,600 foo ^' 
pounds of work. 

The stored energy of an explosive in blasting is onXy 
partially converted into mechanical work, some of the he 
of combustion being lost, by conduction, in the materl 
enclosing the explosive. 



8. Classification of Explosives. — Explosives may 
classified, according to their action, as low, or deUagratirt^^ 
explosives, and high, or detonating, explosives. Explosive ^ 
may also be divided, according to their composition, iix't^ 
nitrate mixtures, chlorate mixtures, nitric derivative coxxi- 
pounds, nitro-substitution compounds, Sprengel explosive S' 
fulminates, etc. Explosives are also designated, wi'tb 
respect to the flame produced by them in exploding, ^^ 
flainijig and {lameless explosives; in mining practice, tli^ 
latter are often called safety explosives. Explosives used ^^^ 
army and navy purposes give off little or no smoke and ^^^^ 
known as smokeless powders. 
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LOW EXPLOSIVES 

S. Low exploBlvea are comparatively slow in their 
action, giving a rending ratiier than a shattering effect. In 
composition, they are nitrate mixtures, and consist of intimate 
miiiures of a combustible substance, such as charcoal, sul- 
ptiur, lampblack, sawdust, etc., with a nitrate. Potassium 
nitrate or saltpeter (niter) , sodium nitrate (Chili saltpeter) , and 
tiarium nitrate are most commonly used. Potassium nitrate 
<3oes not absorb moisture as does sodium nitrate, and hence, 
the potassium-nitrate powders do not deteriorate as rapidly 
when exposed to moisture as do the sodium-nitrate powders; 
'hese latter powders are, however, very efficient explosives 
'* kept stored in a dry place, are much cheaper than the potas- 
S'Um powders and are more extensively used. 

Barium nitrate does not absorb moisture as readily as 
I *o<iium nitrate, but it is expensive, and its action in powder 
I ^s slow. It is used mainly in the manufacture of fireworks, 
I "^W-ing to its green flame. 

I The principal explosives belonging to the class of nitrate 
^iattures ax^ gunpowder and blasting powder, which are both 
' 't"eciuently referred to as black powder. 

GUNPOWDER 

10. Gunpow^ilep was one of the first explosives ever 
'^Sed. It consists of an intimate mechanical mixture of 
Potassium nitrate, charcoal, and sulphur in the following^ 
proportions, by weight: 

Potassium nitrate, KNO. 75 

Charcoal, C 15 

Sulphur, 5 _\^ 

Total 100 

The potassium nitrate furnishes the oxygen for the cora- 
''tistion of the carbon and sulphur, resulting in the production 
"* a large volume of heated gases. The theoretical reaction 
^' tile explosion is represented by the chemical equation 
^^-A'0, + 3C+5= Ar.5+JV.+ SCO., the proportion of 



r 
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ingredients being such that the carbon is entirely burned i — f* 

carbon dioxide. Other much more complex equations an e 

given by some authors to represeht the chemical chang^^=s 
talcing place in an explosion of gunpowder. 

11. The products of the explosion of black powder air — e 
quite variable, being greatly modified by the conditioi^^s 
under which the powder is exploded and they seldom r-nrr ^ 
spond with the theoretical equation. The solid residi^^e 
remaining after the explosion occupies about one-third (_~3f 
the original volume of the explosive and consists chiefly (_t>£ 
the sulphate, carbonate, and sulphide of potassium. Besid^^=s 

this solid residue, 1 volume of black powder exploded w£ 11- 

yield, as stated in Art, 4, about 200 volumes of gaseoi^ 
products at 32° F. and atmospheric pressure. The follow 
ing is an example of the gaseous products of combustic 
for fine-grain gunpowder. 

Parts bv Volui 

Carbon dioxide, CO 50.62 

Carbon monoxide, CO 10.47 

Nitrogen, N 33.20 

Hydrogen sulphide, //,S 2.48 

Marsh gas (methane), C//. 19 

Hydrogen, ff 2.96 

Oxygen, O .08 

Total 100.00 

Some of these gases are poisonous and others, while cx^ ■ 
poisonous, are suffocating and will not support life. i*~* 
this reason, after firing a charge of powder in a mine, 
is necessary to wait a few minutes for the gases to '^ 
diluted by th§ air. 

12. The temperature of ignition of gunpowder var** 
from 600° F. for the finest grades of sporting powder, " 
628° F. for rifle powder, and 518° P. for blasting powder- 
While the temperature required to ignite black powder 

not great, the heat due to the chemical reaction produciE»? 
the explosion may, under favorable conditions, raise tl>fi 
temperature of the gases and solids resulting from tM^e 
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eacplosion to 5,000° F., or even 6,000° F., causing an expan- 
sion of about twelve times the volunie of the gases produced. 
or 12 X 300 = 3,600 expansions. 

13, The specific gravity of individual grains of gun- 
powder varies from 1.5 to 1,85; but in bullc, loose powder 
slig'htly shaken is about that of water, or the weight of 
29.2 cubic inches (frequently given as 30 cubic inches) 
of gunpowder will average 1 pound. These figures are, of 
Course, only approximate, as the gravity of powder in bulk 
*iepends on the size of the grains and how closely the grains 
■** shaken together. ^^_^ 

BLASTING POWDER 

14. Ordinary blasting po^vder contains the same con- 
stituents as gunpowder but in different proportions; it was 
'designed to obtain the same power at a lower tempejature 
*^^ explosion. This quality is secured, but the products of 
*^**inbustiDn contain much more carbon monoxide than results 
*'"'^m gunpowder. As this gas is poisonous and inflammable, 
"lasting powder is a dangerous explosive to use in fiery 
'^ines or in mines that are not thoroughly ventilated so that 
"*^ gases from the explosion are rapidly carried away. 

'Xhe composition of blasting powder is variously given as 
Parts Parts Parts 
Potassium or sodium nitrate . 65 67 66 

Sulphur ■ . . . . 20 14 11 

Carbon (charcoal) J^ 19 _23 

Total 100 100 100 

The following is an analysis of the gases resulting from 
^*^ explosion of blasting powder. 

Per Cbnt. by Volumb 

Carbon dioxide, CO, . .' 32.15 

Carbon monoxide, CO 33.75 

Nitrogen, TV 19,03 

Hydrogen sulphide. H,S ........ 7.10 

Marsh gas (methane), C/f. 2.75 

Hydrogen, // 5.22 

Oxygen, O .00 

Total 100.00 
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15, Special PoTTders. — The large number of special 
powders made by different manufacturers for particular pixx- 
poses have distinctive trade names. Judson poTVder, also 
known as railroad powder from its frequent use in conned" 
tion with railroad work, is similar to black powder but it 
contains nitroglycerine, sodium nitrate, and soft cosi-l 
Carbo-azotine and pyrolitlie are two of the special nitra-'te 
blasting powders designed to produce less carbon-monoxicie 
gas than ordinary blasting powders. 

CARBO-AZOTINE PYROLITHE 

Parts Parts 

Potassium nitrate . . 70 Potassium nitrate . 51.5 

Sulphur 12 Sodium nitrate . . . 16.0 

Lampblack 5 Sulphur 20.O 

Sawdust 13 Carbon (charcoal) . 1.5 

Green vitriol .... 2 Sawdust ll.O 

16. Safety PoTvders. — Gunpowder and blasting powd^^r» 
which are the chief explosives used in America for blastii:^^' 
coal, are not now permitted in most of the English co^i 
mines, and in their place safety, or flameless, explosives 
are used. These safety explosives give out only a sxn^-^l 
flame, and one that lasts for a short time only, and they ar"e 
permitted in Great Britain only when it has been proved that 
they will not explode firedamp under certain prescribed con- 
ditions. The extinguishing of a flame is produced in these 
explosives largely through the use of chemicals that contaii^ 
water of crystallization, which is given up when the powd^^ 
explodes. 

The conditions at many American coal mines, as regards 
explosive gases and dust, have not required the use of 
flameless explosives in the past, but in certain section- ^ 
of the country these explosives are now being us^^ 
in limited quantities. With increased depth of working* 
however, the conditions permitting the use of gunpowd^^ 
,^nd blasting powder will probably change and requi^^ 
a much more general use of the so-called flamel^^^ 
explosives. 
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17, Black-Powder Cartridges. — As the ordinary 
black powder for mining purposes is in grains, it is impossi- 
ble to put it into most drill holes unless it is confined in car- 
tridges, which are usually cylinders of manila paper. These 
cylinders are made by the miner by rolling the paper around 
a wooden cartridge bar of a slightly smaller diameter than 
tlie drill hole and about 18 inches long. The loose edges 
of the paper are stuck down by means of miners' soap (a 
material containing considerable pitch) , one end of the paper 
is folded over to close the end of the cartridge, and the stick 
''enioved, leaving a paper cylinder. When the cylinder is 
filled with powder, the cartridge is completed by folding 
down the other end. 

Gunpowder and blasting powder are furnished the miner 
"* sheet-iron ke^s holding 25 pounds. Both of these powders 
*'"6 fired by ignition from a fuse, squib, or felectric cap. Great 
Care should be exercised in filling a cartridge from a powder 
*^H to be away from a naked light, as the dust will very 
'^^a-fjily carry the flame into the can and explode the powder. 

18. Tests of Gunpo'wder and Blaetlng Powder. 

■^tie chemical determination of the ingredients of a powder 
®*it:iuld be undertaken only by a chemist, but certain physical 
'^sts that can be easily applied will give a rough idea of its 
*l^ahty. These tests are as follows: 

To test for moisture, which may be absorbed by the salt- 
^^ter, nil) the grains of powder on a piece of clean white 
P^.j)er; if the paper is blackened, moisture is present. 

3f good dry powder is ignited on a sheet of paper, it 
^*^«uld burn quickly without burning the paper or leaving 
f-*iy considerable coloration on it. If the paper is burned, it 
*^ usually an indication of the presence of moisture. Black 
^I>ots on the paper indicate an excess of charcoal or imper- 
_ ^ct mixing of the ingredients. Yellow spots on the paper 
'■'Idieate an excess of sulphur. 

The glaze on powder is given it to prevent the absorption 
loisture; but this glaze detracts from the value of the 
3er as it delays the ignition. Loss of glaze may 
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indicate improper storing:. The grains should be hard and 
when broken should show a close texture and an ashen-gray 
color. This examination should be conducted with a mag- 
nifying glass and if large white specks are visible it indicates 
that the powder has not been properly mixed. 

19, Handling Black Powder. — ^A person having black 
powder in a mine should not open his can until he has placed 
his lamp not less than 5 feet from the explosive and in such 
a position that the air-current cannot convey sparks to it. 
Powder should not be stored in the mine, but in a magazine 
outside erected especially for the purpose. 

20, Storagre of Gunpowder. — In moderately dry air., 
gunpowder of good quality will absorb from i to 1 i per cent. 
of water, and in damp air will absorb a much larger propor- 
tion, hence the necessity of storing in a dry magazine. The 
construction of the powder house should be such that air 
will circulate below the floor. The magazine should be well 
ventilated, but so arranged that the ventilating apparatus 
may be closed on rainy days. The powder house should 
not stand in the shade, or tight against earthen or rock 
banks. The powder is put up in 25-pound canisters that 
should be placed on their sides, and stacked in tiers rather 
than on their flat ends one above the other. This will per- 
mit the air to circulate around the kegs, and at each end. 
A good plan is to make the house large enough to hold two 
cars of powder, or 1,600 kegs, and afford ample room for 
moving about inside. The construction of the house may 
be entirely of wood, sheathed with sheet iron. The kegs 
should not be thrown about but handled with care, and only 
one man should be allowed inside the powder house at a 
time. Fuses and caps should not be stored in this building; 
and if lightning rods are placed on it, they must have sure 
ground connections with water, otherwise they are worse 
than none. No iron tools should be used in the magazine, 
and the floor nails should be sunk into the flooring so that 
their heads will not project. In case a keg becomes broken 
or powder is spilled on the floor, a wooden scoop and a broom 
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brush should be used to clean it up. It is dangerous to 
walk oo powder with shoe nails, for which reason the floor 
should be kept absolutely free from loose powder. 



21. Powder X^wb. — The handling and storage of 
explosives is regulated by law in many states, the following 
being the chief requirements of these laws in several. The 
original laws should be consulted to ascertain the exact 
requirements in each state. 

In the anthracite mines of Pennsylvania, a miner cannot 
have more than 25 pounds of powder at any one place and 
time unless more is needed for the day's work. Gunpowder 
must be kept in a metallic or wooden box securely locked. 

In the bituminous coal mines of Pennsylvania, the miners 
can take no more powder into the mine than is required for 
use in one shift unless this amount is less than 5 pounds. 
All powder must be carried into the mines in metallic 
canisters. 

In West Virginia, the miner cannot take more powder or 
other explosive into the mine than he may reasonably expect 
to use in 1 day of 12 hours. 

In Illinois, no blasting powder or other explosives shall 
be stored in any coal mine, and no workman shall have at 
any time more than one 25-pound keg of black powder in the 
mine, nor more than 3 pounds of high explosives. In the 
mine, all powder and other explosives must be kept in 
wooden or metallic boxes securely locked and at least 10 feet 
from the track, and no two powder boxes may be kept 
within 60 feet of each other, nor shall black powder and high 
explosives be kept in the same box. When about to open a 
box or keg containing powder or other explosives, and while 
handling the same, all lamps must be kept at least 5 feet 
distant and in such position that the air-current cannot con- 
vey sparks to it. 

In Montana, not more than 1,000 pounds of blasting pow- 
der or other explosives shall be stored in the mine wheVe its 
accidental explosion would cut off the escape of the miners 
working in the mine. 
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CHL.OIIATE MIXT17RB8 

22. Chlorate mixtures are not important in miniaS^i 
since the use of potassium chlorate for the manufacture <3f 
explosives has been greatly restricted, owing generally <^o 
two causes: (1) This salt is a very unstable compoui3<i 
liable to undergo spontaneous ignition at any time; th.is 
tendency is increased by the presence of acid materials. 
(2) Chlorate mixtures are always sensitive to friction or 
percussion, and this increases with the lapse of time, arad 
especially if the mixture be exposed to alternate moist arad 
dry air. There are no important representatives of this 
class among mining explosives, except it may be rackaroc' 
which will be treated under Sprengel explosives. 



HIGH EXPLOSIVES 

23. Higli explosives are of the detonating type ai3-^ 
include the nitric derivative and nitro-substitution cocb^'' 
pounds, Sprengel explosives, fulminates, etc. 



NITROGLYCERINE 

24. Nitroglycerine is perhaps the most important 
the high explosives and is a good representative of th^- 
single compound explosives. It is formed by the action 
strong nitric and sulphuric acids on glycerine, which is 
heavy oily liquid resembling syrup that although harmle 
by itself is very explosive when treated with certain nitrogen 
compounds. 

In the manufacture of nitroglycerine, 3 parts of stron 
nitric acid are mixed with 5 parts of concentrated sulphur 
acid. When this mixture has cooled, 1 to 1.15 parts 
glycerine are added gradually, and the mixture constant 
stirred, usually by means of compressed air. Great care 
taken to prevent heating. The mixture is then poured in 
five or six times its bulk of very cold water, the nitrogly 
erine sinking to the bottom as a heavy oily liquid, which 
clear and transparent when made from absolutely pu 
ingredients, but as ordinarily made it has a yellowish ti 
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S5. Properties of Nitroglycerine. — At ordinary tem- 
peratures, nitroglycerine, which is an oily liquid, has a 
specific gravity of 1.6. It does not mix well with warm 
water and seems to be unaffected by cold water. It is solu- 
ble in alcohols, benzene, carbon disulphide, ether, chloro- 
form, and acetic acid. It has a sweet, pungent taste, is an 
active poison, and produces, in those unaccustomed to han- 
<3ling it, nausea, faintness, and severe headaches. Persons of 
a nervous temperament are more easily affected than others, 
ners, who as a rule are nervous, become accustomed 
handling it without any noticeable effect when placed in 
_ 'losive compounds. Freshly made nitroglycerine freezes 
8t 55° F., while purified nitroglycerine freezes to a white 
**ystalline mass at 36° F. In the liquid state, when con- 
ned, a slight -concussion may explode it, and it is therefore 
very dangerous to handle. When frozen, it is less sensitive 
to concussion than when liquid. Its firing point is 356° F., 
'"'t it decomposes at a somewhat lower heat. After nitro- 
glycerine freezes, it is dangerous to handle, and the process 
^' thawing is always attended with difficulty; the force 
developed when exploded is also less after freezing. Nitro- 
fi^lycerine will burn, but a spark will not explode it, a con- 
cussion or detonation being needed to produce an explosion. 
^Nitroglycerine is little used in a free state, except for 
^oooting oil wells, which have, become clogged or do not 
'^W. It is, however, one of the chief ingredients o£ the high 
. ^Plosives known as nitroglycerine compounds. Owing to 
® great liability to explode, it was useless as a mining 
*Plosive until Nobel invented dynamite. 

DTNAMITB 

3€. DjTiamlte is an explosive in which the nitroglyc- 

"le, which is the active agent, is absorbed by some material 
^^led the dope. If the dope is merely an absorbent for the 
/■ 1 1" o glycerine and does not add anything to the explosive 

^facter of the mixture, it is said to be inactive. If, how- 
, ^T, the dope is of such a composition that when the explo- 
it takes place the dope is decomposed and increases the 
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force of the explosion, the dope is said to be active. Tbe 
term dynamite is ordinarily applied to nitroglycerine explo- 
sives in which the dope is inactive and special names are 
given to those in which the dope is active. Such mixtures 
have an advantage over nitroglycerine as they are not so 
sensitive and can therefore be much more readily and safely 
handled; they can also be made in various degrees of 
strength. 

27. Dynamite With an Inactive Base. — Originally» 
dynamite was made by absorbing the nitroglycerine in an 
inert or inexplosive substance, such as iniusorial earthy whirfi 
consists of the silicious remains of certain microscopic plants 
called diatoms. This earth is very porous and when car^* 
fully prepared will absorb about 75 per cent, of nitroglycerin^- 
Other inert substances, such as magnesium carbonate, say^' 
dust, charcoal, etc., may be used as a dope but they dono't 
hold the nitroglycerine as effectually. 

Very little dynamite is made in America with a base o^ 
infusorial earth, as cheaper dopes, such as wood pulp, aiT^ 
available and it is claimed that they give an equal degree c^ ^ 
safety. A silicious dope, such as diatomaceous earth, i ^ 
inert and acts merely as an absorbent and leaves a residu. 
when the dynamite is exploded. The wood pulp is usuall 
mixed with sodium nitrate, which furnishes oxygen for bu 
ing the pulp when the dynamite is exploded. Sulphur, flou: 
and rosin are also sometimes added to the dope. An alkal 
such as magnesium carbonate or zinc oxide, is also som 
times added to the dope to neutralize any acid that may b 
present. 




28. Dynamite Witli an Active Base. — The force 
an explosion of dynamite can be regulated by varying th — - 
amount of nitroglycerine it contains; but as dynamite contai 
ing less than 30 per cent, of nitroglycerine and having 
inactive base cannot be exploded, it is impossible with su 
dynamite to regulate the force of the explosions below th 
limit. For this reason, ordinary dynamite is not satisfacro 
for blasting coal, rock for building purposes, etc., and in fa 
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ia all cases where shattering is a bad feature. If, however, 
some combustible or auother explosive substance is used as 
an absorbent instead of an inert substance, the proportion of 
nitroglycerine can be made much lower and the force of the 
explosive thereby reduced. In other cases, by retaining the 
same percentage of nitroglycerine and using an active base, 
the force of the explosion is increased beyond that which the 
nitroglycerine alone will produce. There are a great many 
tinds of dynamite of this description, each with its special 
name, but comparatively few kinds are used in America. 

29. The strength of ordinary dynamite depends on the 
amount of nitroglycerine it contains, thus 7.^-, 70-, 60-, 50-, 
^0-per-cent,, etc. dynamite. Dynamite containing as low as 
17 per cent, of nitroglycerine is used in salt mines, and in 
Some quarries, for blasting glass sand, etc. Much of the 
•dynamite now sold contains other explosive ingredients than 
'iitro glycerine. This dynamite is classed as an ordinary 
dynamite and known as 40-, 50-, 60-per-cent. , etc. dynamite, 
"^^t in this case the name means that the particular dynamite 
has the same explosive force as pure 40-, 50-, 60-per-cent. 
•^'tro glycerine dynamite and not that the dynamite contains 
''^cessarily 40-, 50-, 60-per-cent., etc. nitroglycerine. 

30, Carbo- dynamite is an explosive of this class and 
'^'^nsists of 90 parts of nitroglycerine absorbed in 10 parts 
*** charcoal, with the addition of li per cent. o£ sodium 
*^^i"t>onate which is added to render the explosive safer in 
^^»i^ling. 

Si. Dynamites of a slightly different character are made 

3^ the addition of nitrates or chlorates, so as to render the 

*^^*^ibustible absorbent explosive of itself, thus practically 

^-^'^ibining two explosives. The effect is practically the 

^'^'^ducing of a less concentrated explosive of practically 

*i'*ial strength with that of the ordinary dynamites. 

-<V few of the many explosives of this class are given in 

^^"ble I. 

't'he properties and action of these special explosives are, 
general, the same as dynamite, the chief difference beins 
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in. "the quickness of action and tlie amount of flame produced. 
A^ a general thing, they are also stored, handled, and 
chi^rged the same as ordinary dynamite. 

32. Carbonlte is one of the safety powders permitted 
in the mines of Great Britain; it differs from most high 
eacplosives in having a slow action more nearly resembling 
black powder, although it is from 2 to 2j times as powerful. 
It is supplied in cartridges, freezes like dynamite, and when 
frozen is to be thawed in a similar manner. It requires a 
very powerful detonator for its explosion. 

33. Ardeer powder is another so-called safety powder, 

IB vhicb the high temperature from the nitroglycerine is 
lowered by the addition of magnesium sulphate which con- 
tains considerable water of crystallization; this results in a 
decrease of flame in its explosion, which renders it a valuable 
explosive in coal mines. It is said to be as cheap as, and 
fiOper cent, more powerful than, black powder, and requires 
8 detonator of only medium strength, 

3-4. Table II gives the brands of blasting explosives 
liaving equal strength; the percentage of nitroglycerine is 
also given for each brand of Atlas powder. 

^S. Properties of Dynamite. — Good dynamite is 
rather plastic and not greasy. The density, or specific 
gravity, depends on the dope and is usually about 1.15, 
Dynamite has the physical properties of nitroglycerine as far 
as eixplosive power is concerned and' is equally poisonous to 
those unaccustomed to handling it. See Art. 25. Its firing 
point is 356° P., at which temperature it will either bum or 
explode; if free from gas or pressure it will burn, but if jarred 
it may explode. The sensitiveness of dynamite to blows or 
shocks increases very rapidly with a rise of temperature. 
Dynamite freezes at about 43° F.; and when solidly frozen 
it is difficult or impossible to explode it, or if it does explode 
^^ detonation is at best only partial. It is dangerous to 
cut, break, or ram a frozen dynamite cartridge, as the frozen 
nitroglycerine crystals may explode. No attempt should be 
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Je to explode dynamite that has been frozen until it has 
n thoroughly thawed and is soft and plastic; many acci- 
ts occur through failure to observe this precaution. If 
implete detonation occurs, unexploded powder is often 
nd in the holes or ia the material blown down by the shot, 
n cold weather, the cartridges should not be taken to the 
;e where they are to be used until all the holes are ready 
be loaded, and all cartridges should be soft and warm 
;n charged into the holes. Experiments have proved 
clusively that dynamite that has been chilled, but not 
^en, loses a large part of its efficiency. Many instances 
on record in which some of the holes of a blast were 
3ed with warm, and others with frozen,' or partially frozen, 
lamite; the dynamite that had been warmed exploded and 
t which was frozen did not, and miners have subsequently 
:i] killed or injured by drilling into these luisshots. 
t in examining the scene of the blast after a shot, the 
aers find imexploded dynamite that is warm, they immedi- 
ly conclude that the dynamite was defective, and for this 
son did not explode, while, in reality, it may have been 
zen, and been thawed by the heat produced by the explo- 
n of part of the charge. 

^6. Thawing Dynamite. — In thawing dynamite, it is 
essary to use considerable caution to keep the tempera- 
3 from rising very high, as each degree rise is that much 
rer the danger limit where extreme sensitiveness to 
ck prevails. The method of thawing dynamite by placing 
1 a tight box surrounded by manure is a good one if the 
lUre is fresh so that it is giving off heat, but it is useless 
>]ace the dynamite in an old manure heap from which no 
t is being given ofl, 

lynamite cartridges should not come in direct contact 
tithe manure, which, being moist, draws more or less 
oglycerine from the absorbent. Dynamite should never 
thawed before an open fire, on a shovel, in a tin can, or in 
oven, for, while dynamite will very frequently bum in 
open and when unconfined, it very often explodes. The 

»»— 13 
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common practice of thawing dynamite cartridges by passi:^:]^ 
them through an oven or over a lighted candle is veiy 
dangerous. 

37. Special tha^vlng kettles, as shown in Figs. 1 a.nd 

S, are used with advantage to thaw frozen dynamite. The 

device shown in Fig. 1 consists of a metal can having tubes 

that pass through it. The 

tubes are surrounded by 

water, and the whole is so 

arranged that a miner's 

lamp or candle can be placed 

underneath the can to keep 

the water warm. When in 

use, the holes a are filled 

with sticks of dynamite, the 

space surrounding them is 

filled with water, and the 
r cover 6 is slipped over in such a manner as to keep the sticks 
from falling out of the tubes. Then S 
lamp or a candle is placed under the pa* 
and the powder will soon be ready ic^^ 
use. These thawers are especially us^^" 
ful as they can be carried froni place I -^ 
place in the mine, and the warm wat F"^ , 
in the portion surrounding the tubes wi^^^ 
keep the powder in good condition fa- "* 
some time, even without the introductioc^^^ 
of a lamp under the pan. 

Fig. 2 shows a double thawing kettl^^ ' 
very commonly used. It consists of ac^*^^"^ 
outer kettle d standing on legs and ac^*^ 
_ inner kettle a, which is held up by a beaC^ ' 
around the top and in which the dynamite- -^ 
cartridges are placed, as shown. Thi -J^ 
9 kettle thtis consists of an annular ring that is entirel' — ^" 

unrounded by water and will hold forty-two cartridges, eac 

of lAich is li by 8 inches ia sixe. To thaw dynamite wil 
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this device, the outer kettle b is filled with water, which is 
heated by a fire placed underneath or by any other desired 
mesthod. The kettle is then taken from the fire and set on 
si-wdust or some other non-conductor of heat and the inside 
kettle a placed in position, slicks of dynamite put in, and the 
entire kettle then covered with a cloth to keep in the heat. 
Ttie water in the kettle should never be reheated, as it may 
CO xatain drops of nitroglycerine, which may ooze from thecar- 
tri<3ges and leak through the bottom of the inner kettle in 
ca.^e there are any holes in it. When it is necessary to refill 
tli^ kettle, add warm water from another vessel. 

38. When larger quantities of high explosives are 
recjuired on temporary work, an excellent device is to place 
tlie cartridges in a large dry milk can and the can in a cask 
or barrel containing water, which may be heated by a jet of 
steam. If steam is not available, the cask can be filled with 
warm water as often as necessary. The cask should be 
covered with some insulating material to retain the heat. 

If the water in the cask is to be heated by a jet of steam, 
"Je nozale throwing this jet should be placed as far as 
possible from the side of the can, or other metal case con- 
Wlhiag the explosive, since too great heat might be generated. 

39. storing Dynamite. — In regard to the storage of 
dynamite, there are several points of importance to be con- 
^'dered. While nitroglycerine is a liquid with a high boiling 
Point, it evaporates sensibly at a temperature a little over 
100° p,^ and on this account dynamite should never be heated 
'^ a point much above this limit. Dynamite cartridges 
^^omd always be laid on the side and not stood on end, for 
^ the latter position the nitroglycerine will ooze from the 
°ope and collect in the bottom of the cartridge. 

As a rule, dynamite should be stored in a dry place having 
^ fairly even temperature. Stoves or live-steam pipes 
SDould never be allowed in a building in which the dynamite 
|B stored, but if this building requires artificial heat, it should 
■parted by means of hot-water or exhaust-steam pipes, 
temperature should not rise above 100° F. When 
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dynamite is being used on a large scale during the winter, :it 
is well to provide a special thawing room, in which 1 c^^ 
2 days* supply of the material can be kept ready for us 
This may be a small house situated some distance from tlB. 
engine house, but connected with the engine exhaust cm 
exhaust drip pipe in such a way that the heat may l> 
imparted to the room in which the dynamite is stored. 

Double walls, floors, and ceiling with a sawdust fiUin 
answer every purpose, but the building must be mad- 
absolutely tight. A crack under a door or window wi 
counteract the best heating system that can be made. 

If steam is available, a very cheap and efficient system c 
heating a small building is as follows: On the outside of tL 
building a sheet-iron drum is set up and connected wit 
another inside. Two pipes pass through the wall connectin 
the drums near the top and bottom. The outside drum 
set a little lower than the other to provide for the overflo 
of the water. The holes through the walls are packe 
around the pipes with waste or tow. Water in the outsid 
drum is heated by a small steam pipe and circulates throug 
the drums. The room is kept warm by the radiation fro 
the inside drum. If the building is tight and properly 
insulated, the amount of steam necessary is very small. T— 
prevent the vapor from making the room damp, the drum - 
are closed on top with wooden lids covered on the und 
side with cloth soaked in paraffin. The sheet-iron dru 
used for the transportation of glycerine or coal oil is we 
suited for this work. 

When dynamite is being used in winter on a large seal 
as at a mine, it would pay to build a small thawing room 
this kind, say 12 feet by 16 feet. The powder needed f 
the day's consumption could be carried in and left for 12 hou 
or more, the boxes being simply opened orlhe powder take 
out and put on shelves, depending on the time available, 
temperature of 75° or 80° maintained during the night wou 
suffice to thaw the powder. A thermometer should alwa 
be consulted to regulate the temperature of the room, whi 
should not exceed 85°. 
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This particular arrangement for a thawing room is con- 
venient, but it may be varied to suit the case. The essential 
feature is a tight, heat-insulated room kept at a moderate 
aEi.<3 regulated temperature. 

If a stone or brick vault is made below the surface and 
tifi-htly roofed over and banked with earth, dynamite maybe 
k^pt all winter in it without freezing. Storing dynamite in 
Iar£e quantities in a mine is both bad practice and dangerous, 
40. Size of Dynamite Cartridges. — Dynamite car- 
trfdges are made 8 inches long and i inch to 2 inches in 
diameter. The sizes most generally used are i inch, 1 inch, 
Iff inches, li inches, ij inches, and 2 inches in diameter. 
These are packed with sawdust in wooden boxes that contain 
"S or 50 pounds of dynamite; hence, a car load of 10 tons 
will contain 400 cases of the larger and 800 cases of the 
smaller size. 

41. Firing Dynamite. — Dynamite cannot be fired by 
™i^a.iis of simple ignition, as is the case with black powders; 
^ Powerful detonating cap is necessary to develop its full 
"-^^ce. There is a widespread but erroneous idea that the 
^•^tion of dynamite is mainly downwards. This cannot be 
** a.s the force of dynamite, as of al! explosives, is due to 
**^ volume and temperature of the gases formed, and a gas 
***''*st necessarily act equaUy in all directions. 



GUN COTTON 

4:2. Chemically, guncotton, or n!trocot1«n, resembles 

*t>^oglycerine. It is prepared from ordinary cotton by treat- 
**^^Tit with strong nitric and sulphuric acids, which converts 

*^^ cellulose of the cotton into trinitro cellulose and other 
r*/S^lily nitrated compounds. Fibrous gimcotton differs but 

**^tle in appearance from ordinary cotton, but it is harsher 



to 



the touch and less flexible. It is insoluble in hot or cold 



^-ter but is readily soluble in many other liquids. To be 

*^I>loded, dry guncotton must be compressed and detonated, 

'^^^tjerwtse it will simply burn. Wet guncotton will not 

*XDlode unless detonated by means of a fulminate-of-mercury 
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detonator in a rubber sack in contact with a small chargr' 
of the dry cotton, but under these conditions it explod 
more violently than when dry. 

By itself, guncotton is not much used in mining, but 
forms the basis of a number of powerful powders, amon 
which are tonite, consisting of guncotton 52.5 per cent, an 
barium nitrate 47.5 per cent.; and potentitCy consisting 
guncotton 66.2 per cent, and potassium nitrate 33.8 per cen 




BLASTING GELATnnS 

43. Blasting gelatine is an exceedingly powe 
explosive made by dissolving guncotton in nitroglycerin 
It is a thick jelly-like mass that resists the action of wat 
better than dynamite, the nitroglycerine having a tendenc; 
to exude from the dynamite under water. Blasting gelatin 
was prepared by both Nobel and Abel about the same tim 
(1875), they having noticed that in the explosion of nitr 
glycerine an excess of oxygen remained, while in the expl 
sion of guncotton an excess of carbon remained, and thoug 
that by the mixture of these explosives a more perfect co 
bustion would be obtained. 

Blasting gelatine is a yellowish brown elastic substan 
having a specific gravity of 1.6. It does not absorb wat 
and is only slightly affected at the surface when immerse 
in water. Unconfined, it burns with a hissing sound, b 
does not explode. If confined, it explodes at 399° F. 
freezes at a temperature between 35° and 40° F. and is f 
more sensitive when frozen than unfrozen, so that it 
particularly adapted for use in warm climates and in w 
weather. 

44. Gelatine dynamites are formed by absorbing bla 
ing gelatine in an active base, in the same manner as oth 
dynamites are formed by absorbing nitroglycerine in a doi^ 

A number of brands of gelatine dynamite are manufactur 
and very largely used in the United States. " The advantage 
claimed for explosives of this class over ordinary dynamite 
the following: The gases produced by exploding gelatm^ 
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dynamite are less injurious than those made by the explosion 
of ordinary dynamite. It is therefore possible for the miners 
to return to work sooner after a shot, and they are also in 
much better physical condition for the balance of the shift. 

Gelatine dynamite ts heavier, bulk for bulk, than ordinary 
dynamite and is therefore more easily loaded in water. This 
Ereater density also allows of a shorter charge and thus 
brings the center of the explosion lower than in the case of 
ordinary dynamite, resulting in an actual saving in the length 
**f <3Tin holes necessary, and rendering it particularly adapt- 
^l^le for very hard rock. It is affected less by water and is 
^sr»ecially suited for all submarine work or for use in very 
^■^1: mines. It is more plastic, sticks readily in upward 
*5ri-ven holes, and cannot be rattled out by other shots. 

45. The best-known explosives belonging to this class 
^^^, Repauno gelatine, Hercules gelatine. Atlas gelatine, 
S'la.nt gelatine, jEtna gelatine, and forcite. The exact com- 
E'^^sition of these gelatine explosives is not made known by 
the manufacturers and is constantly varied to meet changing 
•-^^xinands and conditions. All are less sensitive than ordi- 
^^X'y dynamite and should be exploded by caps of not less than 
■^■^^XXX strength or by double-strength electric exploders. 

■4;6, The following are two examples of foreign gelatine 
*^y*:»amites: Gelignite is a gelatine powder much used in 
"^^^Eland aid Japan, It is practically unaffected by water, 
^'^<3. is much safer than dynamite to handle. It freezes at 
^"^Ciut 45° F. but thaws somewhat more readily than dyna- 
****■*€. It is less shattering than dynamite. Its composition is: 

Pbr Cent. 
Blasting gelatine, f Nitroglycerine . . 96.15 

65percent. iGuncotton .... 3.85 

I Sodium nitrate . . 76 
Wood pulp ... 24 
Sodium carbonate 1 
XJynamlte de Franzel contains seventy-five parts of 
■ Nitroglycerine, twenty-five parts of guncotton, and two parts 
*^C charcoal. 
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PICBATE8 

47. The plcrates belong to the nitro-substitution co 
pounds, being: formed by the action of nitric acid on phen 
(carbolic acid) or certain org^anic substances such as sil 
gums, etc. The explosive lyddiUy used for charging bom 
or shells, is an example of this class. Potassium picrate 
a most sensitive and explosive compound, and when mix 
with potassium chlorate its explosive strength -equals that 
nitroglycerine, but it is more sensitive and unreliable. T 
picrates are too sensitive to make a safe explosive £ 
mining use. 

SPRENGEIi EXPIiOSIYES 

48. This class of explosives depends on the mixtur 
immediately before using, of two substances not of the 
selves explosives, but forming an explosive mixture wh 
combined. The explosives of this class have proved 
considerable importance in mining from the fact of the 
producing a minimum amount of flame when explode 
They represent very largely what have been called the flam 
less explosives. This character is due to the fact that t 
products of their explosion are almost wholly incombustibl 
The Sprengel explosives require strong detonators, and a 
considered safe and valuable explosives. The most imp 
tant of these is rackarock, which has the following compo 
tion: potassium chlorate, 79 per cent., mono-nitrobenzo 
21 per cent. 

The cartridge of potassium chlorate is immersed in 
nitrobenzole a few seconds before using. 

49. The composition of some of the Sprengel explosi 
whose use is permitted in Great Britain are given in Table I 
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lEXPLOSIVES AND BLASTING 



REQUIREMENTS OP A HININO EXPLOerVB 

50. Many explosives that have great power and a^x 
admirably suited for use on the surface are not suitat»I 
for use in. the mines. An explosive for use in the min^ 
should not be too sensitive to variations of temperature and 
to shock and should be reasonably safe in storing and ha.n- 
dling; should possess the required strength; should produa 
a minimum amount of flame when exploded; the products of 
its combustion should not be poisonous or corrosive in tb^ir' 
action; the ignition of the explosive should be positive and 
reliable. In some cases, it is desired to break the material 
as thoroughly as possible; but in others, and generally in i 
coal mining, the explosive should break with as little shat- 
tering as possible. It is not possible to realize all of these 
requirements in a single explosive; some explosives pre- I 
sent a greater degree of safety in handling and storioS 
but less strength; some powerful explosives produce injuri" 
ous effects by the action of their gaseous products; soit^^ 
otherwise good explosives are too sensitive to the dampness 
of the mine, while others are too sensitive to shock due *^'' 
careless handling. In American practice, comparatively fe "^^ 
types of explosives are used, the principal ones being blac^^^ 
powder and nitroglycerine explosives, together with tt^** 
flameless explosives of the Sprengel class. 



COMPARISON OF EXPLOSIVES IN REGARD TO SAFBTlT^" 

51. As in all other branches of mining, the question ^ ^^ 
the safety of explosives must be considered first. It will lE^^ 
necessary therefore to look carefully into the safety iu ha-**' 
dling and also into the various effects produced by firing t^^^ 
different explosives under varying conditions. 

52. Salety In Ilandllng.^Under this head, may l** 
included, storage, conveyance to and about the mine, BLiid 
charging. There is no doubt that explosives of the Spren- 
gel class, requiring a detonation of 15 or 18 grains of deto- 
nating substance, are the safest, since a fairly large amoim' 
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of heftt is required to igfnite them. This not only avoids 
nslc of sudden and unexpected ignition, but secures more 
rapid and complete decomposition of the explosive. With 
STunpowder, the risk of sudden accidental ignition by sparks, 
before the charge is ready for firing:, will always be a source 
of danger, although the ignition point of gunpowder is much 
biglier than that of the nitroglycerine compounds. The lia- 
bility of many explosives to exudation and freezing is a 
drawback as the liability to accidents during the process of 
tliawing is increased. 

63. Safety Wlien Firing. — It is during firing, however, 
that the greatest danger arises. There are three conditions 
with which a safety explosive should comply: First, that 
the products of combustion shall be non-combustible; 
second, that the heat generated shall be as little as possible; 
third, that there shall be a rapid and complete decomposition 
•^f the -whole of the explosive. In regard to the first and 
second conditions, it is claimed that, in certain explosives, 
sucln as ammonite, electronite, and roburite, these conditions 
have been attained by using such ingredients, and so propor- 
tioning them that they will insure, on detonation, a degree 
°^ lieat insufficient to ignite inflammable gas or coal dust, 
^^^ that the products of combustion are non-inflammable, 
"^^irig chiefly composed of carbon dioxide, water vapor, and 
"'tfogen. It cannot be denied, however, that all so-called 
^^f ety explosives have at one time or another given off flame, 
"^•lich would have been sufficient in case of an accumulation 
**' eaa or coal dust, to have produced an explosion. This 
^^S' not be due to faulty explosives, but entirely to the con- 
*^'tions prevailing in the mine at the time. All the require- 
^^Tits of a safety explosive may have been fulfilled and the 
"Siaa] precautions taken in firing, hut in spite of these a fiame 
^^^ybe produced. It is well known that carbon monoxide is 
*Of roed in consequence of an insufficient supply of oxygen or 
*** excess of carbon in the explosive. 

Carbon monoxide is inflammable, and when mixed with air 
*^1ais an explosive mixture. It is more readily ignited, and 
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requires less heat to explode than firedamp, so that, wherea. ^, 
the presence of carbon dioxide is likely to reduce the risk czz>f 
the ignition of surrounding gases, the presence of carbo^ 
monoxide increases considerably the danger from this causes- 
Thus while under favorable conditions no inflammab3-^ 
products may be produced during the firing of certain expl 
sives, the same explosives may under unfavorable circu: 
stances cause carbon monoxide to be formed, and th 
becoming ignited, in its turn, may ignite inflammable mi 
tures of firedamp, or coal dust, and air. 

In regard to the third condition, it is often found th 
owing either to an unsuitable detonator, breaks in the co 
(which sometimes contain blowers of gas), or inefficie 
tamping of the drill hole, the rapid ignition of the explosi 
is not brought about. The rate at which an explosive bur 
when it is not detonated depends on the pressure in the hoi 
If the coal or rock breaks down before the whole of 
explosive is decomposed, there is danger of ignition of g 
by the fizzling particles, which throw out sparks into t 
surrounding atmosphere. In order to avoid risks arisi 
from insufficient strength of detonator, some explosive 
such as carbonite and westfalit, are so constituted as 
require detonation to commence, but combustion to comple 
the decomposition. A luminous flame is not always t 
most dangerous, because such a flame may be produe 
at a low temperature; while in other cases at exceeding 1.3^ 
high temperatures, the flame may be non-luminous. 

Although certain explosives are classed in the safety list,t'tii^^ 
does not guarantee absolute freedom from danger in fiGiry 
mines. Miners must, therefore, bear in mind that even the best 
explosives are not absolutely safe, there being no explosive 
yet made that has not under some conditions proved faulty. 

In firing a blast, it often happens that some shots going' . -- 

first, cut off the fuse leading to a charge before the fire /.,, 

f -"-Or 
passes through, and a misshot results. This is the most 




-:er 



dangerous of all misshots, since the cap remains in the . .^ 
dynamite, and is almost certain to explode when drilled into I p. . 
accidentally, or when the miners attempt to investigate by | ^ 
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probing the hole with their scrapers, and ao explode the cap, 
which is really the most sensitive and dangerous thing used. 

54. Safety Arter Firing. — By this is meant freedom 
from smoke or noxious fumes. Complaints are regularly 
made by those engaged in shot firing of the bad effects of 
the products of combustiou. Carbon dioxide, carbon mon- 
oxide, and water vapor are often the chief constituents of the 
gases evolved; and although carbon monoxide is the most 
dangerous gas, carbon dioxide is depressing and unhealthful 
if breathed for any length of lime. To avoid the production 
or accumulation of these gases, good ventilation is absolutely 
necessary, and is the only preventative of serious results. If 
coal dust is present, however, something more than ventila- 
tion is required. It will be necessary to prevent the accumu- 
lation of the dust as much as possible, and to adopt suitable 
Means of watering. By these methods, the possibility of the 
'c»ri[iation of carbon monoxide in consequence of lack of 
"^'^Sgen or from excess of carbon, will be diminished. 

55, Danirers Prom tile Excessive Use of Powder. 
^"^ some coal-mining localities, where the quantity of coal 
"billed is of more importance than its condition, there is a 
^^ndency for the men to use excessive charges of powder. 
■^ liis practice has led to a number of disastrous explosions, 
^*^d the moderate use of powder cannot be too strongly urged, 
^^ten too much powder has been used, the force of the 

■^'^plosion of the excess is expended in the chamber, and, in 
^^dition, the inflammable carbon monoxide produced mixes 
^'^ith the air and carries the flame to other parts of the work- 
• *igs, where accumulations of gas may be fired. 

^^^B»6* Blasts are fired by means of fuses, squibs, or deto- 
I '•aators, depending on the nature of the explosive and on 
Cither circumstances. Black powder, which explodes on 
simple ignition, is almost always fired by fuses or squibs. 
}Iigh explosives, requiring detonation, may be fired by 
means of a fuse to which a detonating cap is attached. 
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FCSE9 

67. A fuse is a slow match used to convey fire to libe 
ft<iharge of explosive in a hole. Fuses are made in a number 
Pof ways, depending on the use for which they are intended 

58. Waterproot Fueos. — For blasting purposes, it is 
E^ften necessary to use a fuse that will not be injured lay 
Twater. These are made by impregnating a small jute thread 

twith fine gunpowder. This forms a slow match that is first 
covered with a layer of jute yarn, after which it is wound 
with tape and then coated with tar and covered with fullers' 
earth or talc powder to prevent its sticking. Such a fuse is 
called a single-tape fuse, and it is put up in loose rolls con- 
taining 25 feet each. Fuses vary widely in their rates «3f 
burning, and while a fuse should not burn more quickly tb^»-^ 
2 feet per minute the rate varies from 18 inches to 4 fe^S* 
per minute. Hence, before using a fuse its rate of burniw- S 
should be determined by thoroughly testing it. 

59. Double-tape fuses are single-tape fuses woon- -^ 
with another layer of tape, the latter also being tarred an^^ 
powdered. Double-tape fuse is surer than single-tape, a -^"^ 
least where there is moisture present. It is put up in coilsj '^^ 
of 25 feet each, that are packed in cases containing 6,00(C^ 
feet. Triple-tape fuse is also manufactured for use in firini 
very wet holes, but it has been gradually displaced for thi 



*» 



purpose by electric fuses fired by electric batteries, which^^*' 
are very effective. 

60. Cotton, or lietup, fuse, not tape wound, is manu— '-^^^^ 
factured but is only suitable for use in absolutely dry place^^ ^ ■ 
and in hot climates. 

61. Special Safety Fuses. — In cold countries, fus^^ -^^ 
covered with tar is apt to crack, in which case it may m\ss ^^' 
fire or become wet; to obviate tKs difficulty specially coatei^ =^" 
fuses are manufactured. In hot countries, the ordinary tai 
covered fuse becomes sticky and is not suitable for usa 
therefore specially coated fuses are manufactured for tfc 
tropics, \Vhen it is desired to fire shots under water. 



L. 
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gutta-percha covered fuse has been manufactured. It is not, 
ho-wever, as sure in deep water as an electric fuse, since, the 
pressure may permit water to work into the cartridge and 
saturate the fuse, rendering it worthless. 

GS. Quick- buru lug fuses are made by making the i 
<:otrG of the fuse cotton wick saturated with chemicals that 
'•^ake it very quick burning. One mixture used for this 
purpose is a paste of equal parts of ferrocyanide of lead and 
P*^tassiuiii chlorate mixed with alcohol. Such a fuse bums 
^t tbe rate of 500 feet per minute. 

A practically instantaneous fuse, known as a deionaiing 
^Use, has a core composed of a cotton thread saturated with 
Culminate of mercury. This fuse is said to bum at the rate 
"-^t 16,000 feet per second and is set off with a detonating cap. 

63. Caro of Fuse. — Fuse should be kept dry, prefer- 
^l^ly in tin cans, and out of contact with oil. It should be 
Stored where it will not be subjected to sudden changes in 
* draper at ure. 

SQUIBS I 

64, A sqnlb consists of a small paper tube, or straw, 
*^hat is filled with a quick powder and has a slow match 
Attached to one end. The burning of this slow match gives 
<ihe miner time to get away after lighting it and before the 
^ame reaches the quick powder. When this quick powder 
4s fired, it shoots like a rocket through the hole that has 
Xjeen left in the stemming or tamping back into the blasting 
i^jowder. Squibs are used almost universally by coal miners 
instead of fuse. They are used as follows: While charging 
^ hole, a pointed copper wire, called a needle, which is of a 
length greater than the depth of the hole is introduced into 
the cartridge. Iron needles are frequently used, though this 
is contrary to law in many states. The stemming or tamping 
"is rammed about this needle and when the hole has been 
sufl5ciently filled the needle is drawn out, thus leaving a hole 
through the tamping to the powder. The squib is introduced 
into this bole and when it is Sred carries the flame back to 
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the powder charge. There is an element of danger con- 
necled with the use of squibs in a gaseous mine, as flame 
from the explosion of the charge may shoot out through the 
bole left for the squib and ignite the gas. Holes tamped with 
clay and fired by fuses are preferable in a gaseous mine. 

65.- Fig, 3 shows a safety squib composed of two parts, 
a powder tube a and a slow match b for firing the powder. 
The powder tube a slides inside of the match tube b so that 






<^a 




the time of firing can be regulated; i/ is a needle hole. '^^The 
rough edges / of the squib- engage with the sides of the 
needle hole, preventing the squib from falling into the l^«_ole 
or out of it, thus making this squib particularly adapted /or 
holes having an upward or downward inclioatioii. 



DETONATION 

66. FiilminatcB. — When it was ascertained that a y*1ovr 
or shock would explode nitroglycerine, that is, detonate it, 
attention was turned to some artificial means of producing 
the shock. Fulminates of mercury, silver, gold, platinum, 



§36 



EXPLOSIVES AND BLASTING 



35 



zinc, and copper are violent explosives and extremely sensi- 
tive to heat and shock. The material generally used for 
detonation is fulminate of mercury seventy-five parts, potas- 
sium chlorate twenty-five parts, and gum to give coherence 
to the mass and reduce the danger in handling. Fulminate 
of mercury explodes when heated slowly to 305° F., but is 
less sensitive when wet. Sometimes silver fulminate replaces 
the mercury fulminate, but it is still more dangerous. 

67. Detonators are metal caps containing various 
weights of fulminate- Some explosives require more violent 
detonation than others; hence, detonators are manufactured 
of different strengths to meet diilerent requirements, A 
common method of designating detonators is, triple strength, 
containing 5 grains of fulminate of mercury; quadruple 
strength, containing 7 grains of fulminate of mercury; 
quintuple strength, containing 9 grains of fulminate of 
mercury. Single- and double-strength detonators are not 
used in the United States. Another common method of 
designating the above strengths is by the number of X's, 
as XXX, XXXX, and XXXXX, etc. Still another method is 
by numbers as follows; 



Detonator No. 1 
Detonator No. 2 
Detonator No. 3 
Detonator No. 4 
Detonator No. 5 
Detonator No. 6 
Detonator No. 6i 
Detonator No. 7 
Detonator No. 8 



4.5 grains of fulminate of mercury 
0.0 grains of fulraiDate of mercury 
8,0 grains of fulminate of mercury 
10.0 graias of fulminate of mercury 
12.0 grains of fulminate of mercury 
15.0 grains of fulminate of mercury 
19.0 grains of fulminate of mercury 
2.1.0 grains of fulminate of mercury 
30.9 grains of fulminate of mercury 



Detonators or caps are very powerful and if exploded in 
the hand will cripple that member, hence are not to be trifled 
with. They are put on the market in lots of one hundred, 
packed in metal boxes. There is no economy in purchasing 
poor caps, or those not strong enough to properly explode 
the charge, since the best results are always obtained by using 
strong detonators. Many advise the use of the strongest 
detonators procurable for all mine work. Fulminate caps 
are discharged by time fuse or by electricity. 
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68. Deterioration of Caps. — While the cap that is 

properly kept is the most reliable of all the blasting materiaJs 
used underground, it is also the most susceptible of deterio- 
ration. It should be one of the firsl rules in the use of 
explosives to use the material as soon as possible after the 
original package is open and not to open another pack- 
age until that is done^. Caps sometimes explode without 
detonating the cartridge. An explanation often advanced 
for this is that the cap is too weak, but this does not explain 
the fact that a stick of powder that a XXXX cap fails to 
explode may often be readily detonated by a XXX capi 
showing that in the first case failure to explode was probably 
due to deterioration of the cap. The following experiments 
were made at Leadville some years ago and from the results 
it would appear that it pays to keep the caps out of the mine 
until they are needed. Fresh XXX caps gave complete 
detonation; when kept underground 2-i hours they ga'%'^ 
incomplete detonation; when kept underground 48 hou.*^^ 
they gave incomplete detonation, without red fumes; aft^^^ 
72 hours, one of the same caps exploded without detonatic^" 
and finally when kept underground 144 hours the cap refus^^^ 
to explode. The experiments were made under bad co*^' 
ditions, but possibly not more so than occur in very Taam-—-^ i 
mines. They show that if a very damp atmosphere has tl^^^ 
effect of so weakening the cap that it explodes wiihoc^^:^ 
detonating the dynamite, then any damp atmosphere mu^^^ ' 
cause the cap to deteriorate. Experience has shown that i — - 
warm climates with 35-per-cent. dynamite, XXXX caps giv — ' 
good results and with 40-per-ceut. dynamite, XXX caps. ! ** 
cold climates, 35-per-cent. dynamite will give better resulBi*^ 
when detonated by a XXXXX cap than when a weaker cap -^* 
used. Similarly, with a 40-per-cent. powder, XXXX cap:^^^^ 
should give better results than XXX, and XXXXX bett^^* 
than XXXX. 

It is probable that temperature has something to do wi "«:*' 
detonation, and that misfires are often due to the chilling <^' ' 
the explosive after it is taken from the magazine, F**"" ] 
example, in a warm climate when using 40-per-cent. pow^^*" 
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^<a. fresh caps, a misfire through non-detonation by the cap is ^^M 
^*"e, and the fumes are also less in volume and not so noxious ^^H 
""^ they are with a similar explosive in a colder climate, ^^H 
tere it is not uncommon to find a chilled dynamite charge ^^H 
^^atlered by a cap without explosion. ^^M 

G9. strength of Detonator to be Used.— Experi- ^^M 

"^^ents should be made to ascertain the effect of different ^^M 
■^Sps on charges by noticing the amount of rock broken and ^^H 
'te fumes made by the explosive. The following is a record ^^M 
^f such a series of experiments in which 40-per-cent. dyna- ^^H 
*]ite was used; the caps employed were XXX, XXXX, and ^^M 
KXXXX. Three drifts were selected, the ground being as ^^M 
aearly as possible of the same character, the entire rock ^^M 
aeing diabase. The different caps were used for 1 week in ^^H 
sach of the drifts and the advances o£ the drifts carefully ^^M 
neasured. The amount of dynamite used in each case was ^^H 
loted and the section of the drifts measured as accurately as ^^| 
possible. The number of cubic feet of rock broken by a ^^H 
pound of dynamite was taken as the measure of work done ^^| 
in each case; the results were as follows: ^^| 


Drift 


Caps Used ^H 


XXX XXXX XXXXX ^^1 


Cubic Feet of Rock Broken ^^H 


2Jo. I 

No. 2 

Mo. 3 

Average .... 


19.4 
17.6 
18.7 


23-5 
24.2 
22.6 


..a m 


18.6 


Z3-4 


^1 


The advantage of the XXXX and XXXXX caps over the ^M 
XXX was fully 25 per cent.; and while the XXXX and ^M 
XXXXX gave pretty much the same results; such differences ^H 
as were recorded may have been due to accidental causes. ^H 
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Particularly since in drift No. 1. the XXXX caps gav — ^e 

slightly better results than the XXXXX, The results wei =re 

apparently more certain with XXXXX caps than with XXX^ZUt 
caps. The slightly better work of the XXXXX caps wa^ss 
ascribed to the liability of the powder to chill at the time tb^^e 
experiments were conducted. In suuimer, the practice w^" i? 
to use XXXX caps, but in winter XXXXX caps gave Mt ' ' r 
satisfaction; many prefer the stronger cap at all seasons. 

It is well known that men cannot work as well in bad a. lar 
as in good air. and this result was demonstrated for the m^s b 
when using the stronger caps made much better headw^i-J' 
than when using the weaker caps. The difference in co^t 
was also marked. When using XXXX caps, the distance e 
driven was 72 feet, at a cost of $5,75 per foot; when usir» £ 
XXXXX caps the distance driven was 72a feet, at a cost «:^t 
$5.72 per foot; and in the case of XXX caps the distanc:^^ 
driven was 64 feet, at a cost of $6.32 per foot. 

70. Electric detonators, sometimes called electrt * 
fuses, are copper caps containing: fulminate of mercury ai» — ' 
some other explosive, that is fired by means of electricity^ 



Such a detonator is shown in section in Fig. 4. TL^*"^ 
wires a, b that carry the electric current to the explosive 
are bare inside the cap and held in place by a cement d cn^^^^ 
sulphur to protect the explosive compound, and are coi^^^ 
nected by a short piece of platinum wire or bridge e. Wh^^^ 
the current of electricity passes through the platinum wire 
the latter becomes heated, thus igniting the explosive. I 

There are two types of electric detonators termed higr'^^ 
tension, and low-tension. The former is being gradua^fc "J 
replaced by the latter, because it is possible to test the !»■ *-* 
tension detonator by means of a galvanometer, while t-B^^ 
high-tension must be fired to test its quality, and then d 
is no surety that the next fuse will explode. 



ile t»^ 

1 tlb^^B| 
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BLASTING 



CHARGING DRILL HOLES 

11, Gunpowder is put up by the miner in paper car- 
tridges o£ less diameter than that of the drill hole, and these 
are placed in the bottom ctf the drill hole. H the hole is dry, 
these cartridges may be tamped bard enough to break the 
cartridge paper so that the powder will pack closely and fill 
all spaces, for the closer the powder is packed in the hole 
the greater will be the effect produced by the blast. In case 
l^e hole is in seamy rock, a ball of clay is first put in the 
'lole and then a clay bar driven into it, to 
spread it out and fill all crevices. If these 
crevices are not filled, the gases due to the 
^'^Plosion escape through them and much of 
'he force of the explosive is lost. The elay 
"^*^ is a good hickory or oak stick with a 
^"ETttly pointed iron shoe at one end, or is 
^^ ixon bar pointed at one end with an eye at 
*'^ other for removal from the hole. To 
^^Ice the hole round, after using; the clay bar, 
" auger may be turned in the hole and the 
^'"IjIus clay removed. Should the hole be 
^ ^t, the same method of claying is followed, 
*t the cartridges are well coated with miners' 
*-p and not tamped so hard as to break 
— m. The use of metal bars in charging a 
'^le should be discouraged and wooden bars 
^^d whenever possible. 

*2. The needle, which is about J inch 
,^ diameter and pointed, is run into the cartridge, and about 
^ the tamping is rammed by means of a tarnplng bar, which 
^^s a groove through the head to accommodate the needle, as 



bt»t 



th- 
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shown in Fis:. 5. This is usually of iron with a copper head a 
of large diameter; it is also made entirely of copper where 
cartridges are not used, since if iron comes in contact- with 
rock or pyrites it is apt to spark and cause a premature blast 
if loose powder is present. The tamping is put in and 
tamped little by little, the first few inches being rammed hard 
and the remainder only packed sufficiently tight to keep open 
the needle hole when the needle is removed. 

In anthracite mines, the blasting^ barrel is often used 
instead of the needle, since tamping fine enough to pack is 
not obtainable unless the miner pounds up slate and coal. 
The blasting: barrel is a steel or wrought-iron tube ot 
about i inch inside diameter; one end is inserted in the csir- 
tridge and the squib is fired through it to the powder. T^lie 
rammer fits over the blasting barrel in the same way as o^T^er 
the needle shown in Fig. 5. The blasting barrel is valuatle 
where the tamping is damp or the hole slightly wet, fcsut 
after each shot is fired it has to be recovered and if u^ ed 
again must be straightened. 

In putting paper cartridges into holes, care should be 
taken not to break the paper until the bottom of the hol^^ is 
reached. The tamping material is preferably clay, but:- it 
may be any fine loose dirt that will pack sufficiently to le^^ive 
a hole after the needle is removed. 



73. Amount of Charge. — There is no rule that ii»:^'il^ 
apply in every case as to the amount of powder necessarj^^ to 
use in blasting. The judgment of the miner must detern^u-in^ 
that from experience. If shooting is done off the solid, nu ^^e 
powder will be required than when there is an undercut, c::^r a 
good slip. It is useless to go into the very many phaa-^ ses 
that the miner will meet, and determine the amount of ^^ 
charge to be used, but this can be said, point the hole ri^^^t, 
and listen to the sound of the explosion. If the sounc^- ^^ 
sharp and cracking too much powder has been used; if "^^^ 
sound is a deep boom the proper quantity has been u^ ^^* 
The depth of the hole is also to be considered, since a sl^^^" 
low hole will not require as much powder as a deep hc:^^^* 
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In bituminous workings varying from 4 to 6 feet in tbick- 
ness with coal of medium hardness, it is common practice to 
drill a hole varying from 2 to 21 inches in diameter and to 
use from 2 to 6 pounds of powder, depending on the coal, 
thickness of the seam, etc. Three-inch holes are used in 
some cases, but do not give as good results. 

The amount of black powder used in blasting coal is in 
many cases excessive. Experiments made in Illinois during 
the summer of 1905 and the testimony of witnesses on the 
same subject, showed that in an entry 10 feet wide and 7 feet 
high, and in rooms 30 feet wide and 7 feet high, less than 
2 pounds of powder was usually required to bring down the 
coal in the best marketable condition. From three to four 
times this amount is. however, frequently used. 

It is impossible to give any general rule tihat will apply 
for difiEerent mining regions. 

74. Relation ot Diameter of Hole to Uengrth of 

Charge. — By experience, it has been proved that, as a 
rule, the length of the charge of explosive for single boles 
should not exceed from eight to twelve times the diameter 
of the hole; that is, a I-inch hole should never have a charge 
of more than 12 inches of explosive placed in it. Where 
several holes are fired together, this rule is sometimes 
slightly deviated from. It is usually best to employ 'a 
length of charge between these t\vo limits, as, for instance, 
about ten times the diameter of the hole. 

After the proper relation between the diameter of hole 
and the length of charge has been determined by experiment 
for a certain diameter of hole under given conditions, it is 
Safe to conclude that the same ratio of length of charge to 
diameter may be taken for other diameters. Thus, if it has 
been found that for a hole 2 inches in diameter the best 
results are obtained from a charge 24 inches long (2 X 12), 
it may be assumed that in a hole 2i inches in diameter the 
Charge should be 2^ X 12 = 30 inches long. 

Table IV is given by A. W. and Z. W. Daw, for the 
height, in pounds, of the charge for bore holes of different 
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diameter and for different explosives, assuming the lengfth of 
the charge to equal twelve times its diameter, and calcu- 
lated from the formula 

C= .3396 ^-.f* 

in which C = weight of charge, in pounds; 

g = specific gravity of explosive; 

d = diameter of hole, in inches. 

75. FirlnR Dynamite. — Dynamite is fired with a fuse 

and cap, or by an electric battery and electric detonator, or 




fuse. The former method is generally adopted for single 
holes, and the latter where several holes are fired at once, 

or in a volley. 

76. Fuse and Cap Firing. — The cap in this case iS-1 

slipped over the end of the fuse, after which the upper end . 
is crimped tightly against the end of the fuse with a crimper. 



\ 




as shown in Figs. 6 and 7. Miners sometime press the caps 
on to the fuse with their teeth. This is a very danger- 
ous proceeding and should never be practiced, as one cap 
exploding in a man's mouth would prove fatal. 
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In placing the cap in the cartridge, there is ereat divers i' 
of opinion as to which of the many ways used is the b^ ^ 
Fie. 8 shows a very common method in which the cap 
placed in the top of the cartridge and in the center with oizzv 
about two-thirds of the cap embedded in the material of tz:-~- 
cartridge. This is done to avoid the danger of its ignitL :3 
the explosive and thus causing deflagration of the cartriA — 
in place of detonation. An objection to a cap placed in ^B3 




Fig. 8 

center of the cartridge is that the fuse is very apt to be b ^™ 
and injured in the tamping, while it also interferes with -■ 
tamping. 

77. Instead of placing the cap in the center of the ^^-J 
of the cartridge and tying the end of the paper wraf>l^' 
about the fuse, as shown in Fig. 8, an inclined hole is nia<A 
in the end of the cartridge, as shown in Fi^. 9, and the cap 
placed deep down in the charge. Instead of inserting tie 
cap through the end of the cartridge, many manufacturers of 
explosives strongly recommend placing it in a hole in the 
side, as shown in Fig. 10, The fuse is tied in two places, a 
half hitch being taken around it, - , 

A common, but bad, practice among miners is to raaie a 
hole in the side of a cartridge, place the cap and fuse in it, 
and bend back the fuse, as shown in Fig. II, in order to 
prevent the cap being pulled out. The. sharp bend in the 
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fuse is sometimes sufScient to cause a break in the train of 
powder, resulting in a misfire. 

VS. Placing tlie Cap for Electric Firing?. —Figs. 12 
and 13 illustrate the method of placing an electric exploder, 
or cap, in a cartridge of dynamite. The cap a \s placed 
eitticr in the bottom. Fig, 12, or at the side of the cartridge, 
as in Fig. 13. the hole to receive it having been made with a , 




^harp stick or lead pencil. After this is accomplished, the 
tlasting v^ires d are tied firmly to the cartridge, as illustrated 
atf. In firing dynamite by means of electricity, there is no 
danger of the wires setting fire to the powder, and hence the 
exploder can be placed well down in the cartridge. Some- 
times, when a long charge in a very deep hole is to be iired, 
two or more electric exploders are used in the same 
charge, one cartridge containing an exploder being placed 
near the bottom of the hole and another at the top. Tho 
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method of loading holes for firing by electricity is the sait=x 
as that described for firing with fuses. Care should tzn 
taken to prevent the leading wires from coming in conta — 
with the damp earth as much as possible, also that in tarn 33; 
ing the hole the wires do not become broken, or the coverirTu: 
materially injured, and that the wires are not brought iiL 
contact with each other or with the damp ground. 
Many miners have a had practice of putting the cap of 

electric fuse in obliquely and bending the wire over a 

securing the cap by a half hitch of the wire, as shown 




y 



Pi«. 12 fta. U Fig. 14 

Pig. 14. or. to make it worse, by two half hitches. Som«*^fi I 
force is used in making the half hitch that the sulphur fill'O? ^ 
in the electric fuse is usually broken, sometimes disarrangiof 
the wires in the cap and even breaking the fine platinum Wire 
or bridge. In any event, the cement is so broken as to leave 
free passage into the cap of any water that may be containen 
in the hole. 

The platinum bridge of an electric fuse is very small and j 
delicate in order to be heated red hot by the very small cuirent J 
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of electricity that is used to fire the fuses, and any unusual 
strain on the wires may break the bridge, thus breaking the 
circuit and causing a failure of the shot. 

F''urthermore, sharp bending of the copper wires may 
damage the insulation, very likely leaving bare wires touch- 
ingr* causing a short circuit and a failure of that particular 
ca£>. The bared wires, even if they do not touch, offer 
aQ capportunity for a short circuit through any moisture pres- 
ent: , which will rob that particular cap of part of the current 
<^f electricity, while the next cap might get the full current. 
^t>-^ result will be that the first cap will miss fire. 




fc>."v.2 



79. Ijoadlng* Dynamite, — In loading a hole with dyna- 
'^lite, the cartridges are placed in one after another and 
tJressed, not rammed, into place, preferably with a wooden 
bar. The cartridge containing the cap is called the primer 
and is the last one introduced into the hole; it is pressed 
down until it rests on those already introduced and after this 
the tamping is pressed lightly on the charge, care being 
taken not to explode the primer. If the cartridges at hand J 
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are not the size required, the paper coverings may be split 
open with a knife and the material forced to fill the bole witb 
the aid of the tamping bar. It is very important, if the txnU 
effect of the explosive is to be obtained, that the part of tlie 
hole in which the charge is located be completely filled, Ei.xid 
that no air spaces be left between the charge and the wa.l^ls 
of the hole. 

80. Ijocatlon ot Primer. — The cartridge containlziE 
the cap is called the primer, and while it is usually the l^st 
cartridge to be placed in the hole, it may be placed in 'K.be 




middle of, or even at the bottom of the charge, with the i<i^3 
of insuring a more thorough explosion. This is theoretica'^J' 
correct since the explosion acts equally in all directions, tf^t 
while there may be some reason for firing a charge v/i^" 
black powder in this manner, there is no g^ood reason f*^'" 
such practice when firing dynamite, for the explosion O' 
dynamite is so quick that there is no appreciable difference 
in the results, whether the cap is placed in the top or i" 
the middle of the charge. There is, however, a decided 
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ection to placing the cap in the middle or bottorn of the 
trge when using common fuse, as there is a chance that the 
e will set fire to the dynamite and cause not only a loss 
dynamite, but a premature explosion, which cannot be as 
rough as i£ detonated by the cap. 

dynamite is frequently condemned for producing injurious 
les, when, as a matter of fact, these fumes were made by 
partial burning of the dynamite before its explosion, 
dynamite having been lighted by the fuse before the fire 
ched the cap. An experienced person can readily distin- 
sh between the fumes produced by burning dynamite, 
I those produced by detonation. 

■"ig. 16 (a) shows a hole with the primer placed in the 
ter of the charge and in which there is no bend in the 
e, a theoretical arrangement seldom found in practice. 
". 16 {(>) shows a common method of placing a charge 
ta the primer on top and the cap placed in the side of the 
tridge as illustrated in Fig. 10. 

M. Tamping; Shot Holes. — The materia] used for 
iping or stemming shot holes should be of such a nature 
t it is not liable to strike fire while it is being rammed 
*ie; that is, any material containing quartz or similar hard 
ts. should be avoided. Clay slightly dried or brick dust 
Ecienlly moistened to make it adhere form the best tamp- 
" material for powder. A series of experiments carried 
I by Sir J. F. Burgoyne as to the best length of tamping 
fce used in the holes for black powder resulted in the con- 
sion that 17 inches was the least amount that could be 
ad in a hole 1 inch in diameter, 18 inches of tamping in a 
le 2 inches in diameter, and not less than 20 inches of 
>iping in a hole 3 inches in diameter. His experiments 
Te carried on with clay, brick dust, and rottenstone, the 
plosive being blasting powder. 

82. Tamping for High Explosives. — Such explosives 
nitroglycerine compounds, which develop their full power 
Stan tan eou sly, require less tamping than powder, on 
ooimt of the fact that the shock is delivered on the sides 
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of the chamber with sufficient force to burst the rock before 
it can have had any appreciable effect on the tamping; hence, 
for such explosives very light tamping is sometimes used, 
as, for instance, filling the hole with water, or applying a 
few inches of fine dirt or sand. 

83. Diameter of Holes. — In driving headings or sink- 
ing shafts, experience shows that holes having a diametex 
varying from J inch to li inches at the bottom are most 
economical in hard rock, if charged with the strongest hi^'^ 
explosive. On the contrary, holes li to 2J inches in diaoc^- 
eter, and charged with a weaker explosive, are the best wh^^ 
operating in weak rock. All the holes in the heading o^ 
shaft should have the same diameter, and the best arrang^^ 
ment is to give an equal resistance of rock to each, and to * ^ 
place each hole that it will receive the greatest benefit bon^^ 
the free faces formed by firing the previous holes. 






FIRING BLASTS 

84. Xii^litin^ the Fuse. — In firing blasts by means 
fuse, where it is desired to have the shots follow one anothe 

the fuses are made 
various lengths and the 
all lighted at one tim 
If an ordinary fuse 
simply cut off on an ang 
and lighted by means of 
match, it is sometimes di 
ficult to start the powde 
and on this account tlk- ^ 
miner may have to leav^^ 
before he has all the shot^ ^ 
lighted. In order to mak^ ^ 
sure that the fuse tak^ ^ 
the fire, the end of it i-^ 
split sometimes, as show 
in Fig. 17, and a small wedge or piece of giant powder 
is introduced into the split. When giant powder is lighte(^ ' 
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1 a bright and fierce flame, and hence a small 
irned at the end of the fuse is almost sure to 
ignite it. Another scheme is to use pieces of 
'icking dipped in kerosene, which are twisted about 
of the fuse, as shown at a, Fig. 18. After all the 
re ready and the fuses in place, these pieces of 
Hcking are adjusted, and the miner can light thera 
fclickly by simply passing his lamp from one to 
■The burning oil on the candje wicking ignites 



Electric Blasting;. — The method of electric blast- 
used in America, depends on the generation of a 
of electricity by 
f a small magneto- 
machine, which is 
small dynamo, the 
: of which is made 
pe rapidly between 
S of the field mag- 
neans of a crank or 
:het. 

The Electric Baf- 

rhe machine shown 
19, commonly, but 
\Y, called a balUry, 
mon use in America 
g blasts, a is the 
jnet; b an armature ^ 
olves between the "' 

the field magnet; 
56 pinion c (the 

which engage the 
rf) is arranged with 

so that as the rack bar descends the pinion causes 

iture b to rotate and generate a current. During 

stroke of the rack bar, the connections are such 

rrent flows inside the machine without affecting 
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ihe outside circuit. The carrent iacreases in strength um iS 

the rack bar strikes the spring e, which changes the cDqd^^ec- 
tions so as to send the full strength of the current inio i he 
outside circuit and through the caps for firing the blasts. 




Fig, 20 shows the battery attached to a reel on which ttJ — "^ 
firing cable is coiled. This cable consists of two insnlat^^ " 
wires twisted together into a single cable. 

87. Connecting: Wires. — ^To connect the ends of tn""*^^^ 
wires, scrape off the insulation for about 2 inches from eac^;^^^* ' 
end and scrape the wires clean and bright. Then twist th*:^^^* 

ends together, as show ^ 
in Fig. 21. It is ver."^? 
important, to prevent nii^^ ^" 
^ fires, that all connection -^^* 
'" are clean and well mai 

as one bad connection may cause all the holes to misfire. 

88. Con nee ting Up and Tiring the Blasts. — Afte^ 
the holes have been loaded, the fuse wires are left proC 
jecting from the hole, and are joined by connecting wires i^ 
such a manner as to leave one free wire at each end of th' 
series to be fired, as at d. Fig. 22, a being fuse wires leadins 
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do^vDwards to the charges to be fired. After all is in 

•^adiness, the leading wires are connected to the loose 

cads 6, and when every one has left the vicinity of the blast, 

4e other ends of the lead wires 

or cables are attached to the blast- 

^S njacbine. Some blasting I 

"lachines are provided with three . 

sc^rews on the outside, to which 

'fading wires are attached. When 

Only a small number of blasts are to be fired, one of the 

fia<a wires is attached to the middle screw and the other 





I tke outside, as illustrated in Fig. 22. When a large 

^^iter of blasts are to be fired the lead wires are arranged 

^liown in Fig. 23, a being one series of charged holes, 

and i another. The wires on 

the outside are attached to the 

ends of the entire series, as in 

the previous case, while the 

wire from the central screw is 

attached to the center of the 

series of connecting wires, as 

at c. By this arrangement, a 

large number of blasts can be 

fired with a single battery and 

,. ^^,-j, ^^ the size of the lead wires very 

: -_»it -.■;■ "^H ili'l-::^-::^ much reduced. 

^^"36-. .= ,.^HI,;;iic^*r_ Fig. 24 shows a man in the 

act of firing a blast. This is 

accomplished by lifting the 

^a^dle of the magneto-machine to its full height, and pushing 

iwards slowly for the first i inch or so and then with 

)rce, until the rack attached to the handle reaches the 
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bottom of the box and sends the current throtis:h the csl^mos 
in the holes. 

When firing a hole by means of a battery, the handle^ ^iDr 
rack bar, should never be churned up and down, but shoia Tl.d 
simply be given one vigorous stroke, as directed. Mo sst 
batteries are made to fire with a downward stroke, but sorsr^e 
fire with an upward stroke of the handle. A battery shau jl.d 
always be kept clean and never abused or played with. X 'tis 
strength should be tested from time to time by means of a 
test lamp or galvanometer. Test galvanometers are us^^ 
to ascertain if any breaks exist in the circuit and the fuse s. 

89. Remarks on Flrlnsr Blasts by Electricity. — ^T'o 

insure success in firing a blast by electricity, the followii=^£ 
points should be observed: 

1. Battery wires and primers should be suitable to eac^'h 
other; never use two kinds of primers in the same blast. 

2. The battery should be of sufficient power to fire all 
caps or primers connected at one time; do not attempt 
load a battery to its full limit. 

3. The electric fuses or primers should be kept in a dr^ 
place, and everything kept as clean as possible. 

4. All the joints at connections and points of contact ol 
the wires should be well made so that the wires cannot sepa — "^ ^ 
rate, and the surfaces should be clean; also see that the '^^ ^ 
joints in one wire do not touch those in another, and that 
bare joints do not touch the ground. ^ 

5. Do not kink or twist the wires so as to cut the " 
insulation during the process of tamping. (If the insulation 

is cut, the fuse is useless for wet ground or a wet hole and 
should be laid to one side.) 

6. The operator's hands should not touch the terminals 
of the battery when firing. 

7. The battery should not be connected to the leading 
wire or cable until every one is in safety. 

8. The wire connections should be bound with insulating 
tape in damp places to avoid leakage and short-circuiting of 
the current. 
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©0, Firing From Dynamo. — In sinking the Parker 
shaft at Franklin Furnace, New Jersey, after the shaft was 
down a few hundred feet there was more or less water to 
contend with, and considerable difficulty was experienced in 
firing the blasts with a magneto-machine. To overcome this, 
a line was taken off from the dynamo that was used for light- 
ias the buildings and surface around the shaft, and also for 
lighting up the shaft ilself. This line was carried from a block j 




*^tainine two safety plugs b. Fig. 25, to aboard. One snap 

'tch c was introduced and the positive line continued directly 

- tile mine. The negative line was connected up through 

^ incandescent lamps « to reduce the current. Alittleexperi- 



ttie 



Iting ^ 



; necessary to determine the proper number of 



ps to put in so as to reduce the current sufficiently. One 
^^e safety plugs was always taken out and kept in a drawer, 
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so that should any one turn the snap switch while the r^^° 
in the bottom of the shaft were connecting up the b^^'^^ 
for the blasts, it would be impossible to fire the blasts, ^^ 
the line was cut off at this plug. When ready to blast, *''* 
foreman and his men, after removing all the tools, came "P 
to the surface and signaled to the engineer that he wasre*-*^ 
to "fire," whereupon the engineer took the safety plug frc:^'^ 
the drawer and inserted it in the block. He then turned t: ^* 
switch c and the blast was discharged. After this device w^ ^* 
installed, there was no more trouble from imperfect bias 
The arrangement o£ wiring, etc. is shown in Fig. 25. 



J 
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PEINCIPLES OP ROCK BLASTING 

91. Blasting Operations. — Rock blasting consists 
breaking rock from the solid stratum by means of an expl 
sive. When an explosive is discharged in a confined spad^^> 
the suddenly expanded gases press against the confini^*^^^ ^ 
walls; and if the force is sufficient to overcome the cohesi ^ r'" ^"' 
of the material composing the walls, the rock will be n::^"'^" 
tured, or there will be what is termed a blast. The seve^^r" ^ 
blasting operations are drilling, charging, tamping the ho -* *'' 
and firing the blast. 

92. Maximum Force of a Blast. — By experience, "' 
has been proved that the maximum pressure or eEEect ttm ^^ 
any explosive substance can develop is that obtained whecK ^' 
is detonated, or exploded, in a space that it entirely fiH *' 
that is, in a space equal to its own volume. Hence, ** • 
obtain the greatest effect from a blast, the charge shoui^* 
entirely fill the hole up to the tamping. 

93. Effect of a Blast. — If the right amount of expl*'' I 
sive is used, there will be a deep boom and the rock will o*^' | 
be thrown with great force from the solid. If too raucli 
powder is used, there will be a sharp report and the surplw* 
explosive will throw the broken rock away from the sol*" 
and shatter it badly. If insufficient explosive is placed w* 
the drill hole, the rock will not be broken, but the tampioS 
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:1 be blown from the hole just as a bullet is shot from a 
ri, producing what is known as a blown-out shot. 
[n mining soft cleavable minerals, powerful explosives 
! not generally used, their effect being such as to shatter; 
the other hand, in tenacious minerals, powerful explo- 
es are used for their shattering properties. Less power- 
explosives, such as gunpowder, are used where a rending 
lion is desired such as in mining coal, but they are not 
sirable in tough ore formations because they break down 
s mineral in large pieces that, to be handled, must be 
>ck-hoIed and reblasted. 

S4. Power of an Explosive. — While the power of 
>st explosives can be calculated, the theoretical power 
r» never be obtained in practice. The factors that enter 
:« the problem vary so widely and are so numerous that 
Idom can exactly similar results be obtained from blasts 
ed apparently under similar conditions. 
The weight of a mass of rock opposes the action of a blast, 
«i this weight is assisted by the atmosphere that presses on 
■with a weight of 14.7 pounds per square inch at sea level. 
In case the hole is damp or wet or the rock cold, it will 
; crease the heat produced hy the discharge and the power 
the explosive. Slips, joints, and cleavage planes affect 
e blast as do also texture and structure of the rock. The 
lape and location of the drill hole and the method with 
hich it is charged and tamped are important factors. 

95. Rock Structure and Texture. — Brittle rocks are 
isily fractured, while strong, compact rocks in which the 
hesive powers are great are much harder to break, 
astic materials, like fireclay, which are neither brittle nor 
lacious, are very difficult to blast. 

96. Influence of Fissures or Joints and Bedding 
anes on Blasting. — Fissures or joints and bedding 
mes, when open, have something the effect of free faces, 
d as a consequence they influence the best position for 
jcing a blast. When possible, the charge of explosive 
ould never be placed in -contact with a fissure or bedding 



EXPLOSIVES AND BLASTING 



plane, bat should be located in the firm rock, in order to 
avoid the escape of the gases tlirough the fissure, that woia Jd 
thus reduce the effect of the blast. If it is possible to 
avoid it, a drill hole should not cross crevices and slips. 

97. Elasticity and Porosity of Rot-ks.— Since compact 

and brittle rocks have little elasticity, their limit of elasticity 
will be reached when they have utidergone very slight exten- 
sion; hence, there is no appreciable enlargement of a drill 
/\ hole in such rocks before rupture 

N/ ^ \ takes place. With porous rocks 

/ / \ \ or sand, the blast tends to solidify 

/ / * \ ^^ the rock and fill empty spaces, 

y / \ - ^v . thereby increasing the size of tti® 

"n^T I '. T ,' / yP~ drill hole and decreasing the force 
i \ ' I I / ' °^ '^* explosion. 
L_ , ! "K^ I A \ 98- Form or Cavity.— Tt*® 

l^ta i \\ '/ form of cavity produced when * 

^^^P } \1/ I single drill hole is fired is usual ^^ 

^^H I that of a cone; thus, in Fig, S **' 

f I _^ ^^ I if a * represents a vertical dr^* 

I I /^ N^ j hole, the rock broken would the^^*" 

I |/ ^''' "x Y retically have the form ebd, tt:^^ 

\ J i^~"',(, V L '""^ ^ '^ being the diameter of U*^^^^ 
' T""'\ "■•-_-'" / r base of the cone. In case th^^^^^^ 

^^^ \ ^v y' j strength of the explosive was dC^^^ 
^^^k \^ / sufficient to overcome the tenacil^^^' 

^^^p ^- -^ of the rock to so large an exteC^^ 

^^« fii.. i6 as represented, it might form 

base e/, or be merely a blown-out shot with the base iJ^^ ' 
From a practical standpoint, a position perpendicular to tl*^^*'* 
face is the worst position in which a drill hole can be placei^- '^' 
as there is but one free face ci for the force of the blast W '^ 
break, since any pressure exerted in the direction of m or ■* 

is opposed by solid rock. Since reaction is always equal 
action, the line of least resistance must be along the li^^ 
representing the resultant of the forces acting on n and -^ 
or the drill hole a b. 
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99. Inclined Holes One Free Facp. — A free face 

is the exposed surface of a mass of rock. Fig, 27 shows 
the hole a b, put in at an ang;le to the free face cd. This is a 
better method of placing a hole than that described in 
Art. 98, from the fact that the line of least resistance eb, \s 
not in the direction of the hole, but perpendicular to the 

Incecif. A charge of ^..^ •■ .. " . A 

powder placed in an in- \ 
clined hole will there- 
fore break more rock 
than a similar charge 
in a hole of the same 
size and depth per- 
pendicular to the free ''"'■ " 
face. The limiting inclination of the hole is 45° with the free 
face; a hole at a less inclination will break less and less rock as 
the line of the hole a b will continually approach the line ed, 
and will become zero when the powder is placed on the top 
of the ground. 



100. EHect ol Free Faees In Rock Blastlxiir. — The 
nore free faces there are, the greater will be the ease with 
vhich an explosive will accomplish its work. Fig, 28 is a 
Q cross-section showing a hole 

~f Y y ab placed in a rock having 

two free faces Cand D. If 
there were but the one free 
face C, the force from the 
charge at b would break 
out the cone or crater e bg; 
if the face D were the only 
one exposed, the charge b 
would break out the crater 
e b j. With the charge b 
^"■'^ equally distant from the 

Faces C and D, and of just the right size, the bounding surface 
between the two craters will coincide in thelineic.but since the 
torce of the explosion at b is divided between the two craters 
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^^^B end a portion of it is reflected by the solid rock, the crater 
^^^K BCtually broken out will be approximately h b i, that is, a crater 
^^^P that is not equal to the sum of the two craters ebg and tby 
^^H If the charge b. Fig. 29, is located so that d/ is greater 
^^^K than ba, the force acting on each face separately will brea-T' 
^^H the craters^i;^ and/i/, the wedged-shaped piece^^H n 
P being included in either. With the charge b acting on boC'^ 

I faces C and D together, f 

^^^ *\ *r f ' f ~ ,^ — of the force is used in brea.^' 

^^^L \ />' ingdown the tnassf ii/ar;^^ 

^^^H //' the crater broken out 

^^^V * ""'--, \ \ /'' bounded by the lines kb 

^^^1 f -J^*%' instead of by the lines^ft . 

^^^H ^^^''-^^^^^^ Similar reasoning may t 

^^^P i-"^''' applied to any increase t 

^^^P ^'' the number of free faces^ 

^^^1 The greater the numtac 

^^H of free faces the larg^^^' 

amount of material can be broken down with a single she "'' 
or what amoimta to the same thing, a smaller charge will d -^^ 
the same amount of work, the greater the number of fre^=^* 
faces, but the increased amouat of material loosened will nci;^^' 
be proportional to, the increase in the number of free face^^^" . 

101. There is a general rule that the longest line c::^:^^ 
resistance should not exceed three-halves of the shorte^^^^ 
line of least resistance if the maximum effect of the explosir""— -'^ 
is to be obtained. If possible, the shots should be placed s^^" 
that the shortest line of resistance is horizontal and the lon^^BE' 
est vertical so that the weight of the rock may assist tln^^^^e 
breaking down. 

It is evident, therefore, that in blasting it is advantageoi^^*^^ 
to have as many free faces exposed as possible, not only C^o 
account of the decrease in the amount of powder require= <?, 
butalso because it is possible to obtain the material blast^^sd 
in larger lumps than when blasting is done with a single fi^e* 
face. This is advantageous particularly in coal mining !»&&•* 
the lump coal is more valuable than the fine coal. 
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J shows the method of undercutting adopted by soft- 
aers previous to their blasting, to secure two free 
Iso the location of a shot to bring down the coal, 
liners frequently have recourse to the same plan and 
e stuff is too hard to 
t with the pick, shot 
■e sometimes put in 
undercutting done 
ffder. 

■Relation of 
Bp of Hole to lAne 
n Resistance. — If 

leter of the hole a*, 
remained the same, 
line of least resis- 
ivere increased, a 
luld soon be reached 

he charge of explosive would fail to break out the 
t is not good practice to have a powder charge occupy 
an one-half the hole; hence, in order to increase the 
f a charge the diameter a6 ot the hole should be 
d; that is, as the distance/^ increases, the diameter 
ole a b must be increased; or there must be a chamber 
formed at the lower end of the hole 
in which the powder charge is to be 
contained, so as to increase the size 
of the cone of throw toward any free 
55^ Vl-"i^'"''^ face. This chamber is sometimes 
fcc5r)~?^r3ji formed by using some form of expan- 
sion bit or reamer, but the usual 
custom is to introduce a small charge 
of high explosive that will enlarge the 
end of the hole, as shown in Fig. 31. 
By continuing this process, an opening 
;ient size to contain the desired charge may be 
jThis operation is called chambering or sqitibbivg. 
|k;e masses of soft material are to be loosened, 




Fig. 31 
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it is common practice to use dToamite or nitroglycerine fof 
chambering the hole and black powder for the blasting. 
Holes are sometimes drilled as much as 20 feet deep aod 
several kegs of powder introduced into the chamber lormd 
by firing the high explosive. This method of blasting is 
used in open-cut ore mines, milling, and in steam-sbovek 
;s; also in side cuts of earthworks. 




103. Effect of Flrlnf^ Several Holes Slmiiltan^^ 

onsly. — Fig. 32 represents two drill holes h, h' drilled at a 

distance W from the free face A B. If these holes were fir^wJ 

independently, each won. 1 d 

break out approximately ttoe 

-;jUw <%\ .' same amount of material, as 

y/\iWW~^ \^^K ^'hnomh'o. If they a.i-e 

-isj ¥^.j. -- _^>*- fired together, and the dis- 

j < ^-, » - ^5^ j^ij^.^ j^ between them is not 

too great, they will bring out 

, ' ' the entire mass mkk'o. I* 

'/ will be seen from this thaft>y 

firing two holes together S-^* 

additional amount of ro^'^ 

y h7ih' has been broken with 

, the same amount of powd^*" 

' required to break the tW*^ 

masseswAnand«-4'<'. Tto^* 

distance Z? between thehol^® 

must be varied according to the character of the rock. I** 

comparatively soft material it is less than in hard rock thou^" 

probably the limit is twice the distance W. 
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Fig. 33 illustrates another case. Here three holes k, h', h" 
lave been drilled close together, and each one loaded with a 
iWge the depth of which will be represented by HE. Any 
'De of the holes, if fired separately, would not be able to 
ireak through the distance W, but, by firing the three 
>gether, the mass ehh" gg' G H ^ e may be removed at 
le shot. By this means, greater masses of rock can be 
moved with smaller drilled holes than would be possible 
ire it not for the combined effect of the several charges. 

104. The form of cavity and the amount of material 
•lodged by a shot, as described in the preceding articles, 
i largely theoretical and no universal rules can be given, 
jperience is the only safe guide in choosing the location 
C size of the holes and the amount of the charge of explo- 
re, and an experienced miner will study the character of 
5 rock to be blasted so as to place his holes at such an angle 
M he may get the maximum effect from them and avoid 
:>wii-out shots, and take advantage of slip and cleavage in 

; rock. 

BLASTING IN DRIVING TUNNELS 

305, Arrangement of Di-iU Holes. — In driving rock 
□nels, the chief item of cost, under ordinary circumstances, 
that of drilling. Where machine drills are used, there 
11 be more or less time consumed in- shifting machines, 
f which reason it is deemed advisable, wherever headings 
2 large enough, to use two machines and if possible on 
e column. This is frequently also the case in shaft sink- 
?. The machines shouW be so placed that the holes may 
drilled methodically, so as to economize in powder and 

fti tunnel driving and in shaft sinking, there is always one 
e face, and in order to obtain two free faces it is necessary 
first take out a cone or wedge of rock from the center or 
e of the heading. Holes put in for this purpose are 
rned bey holes, or eut holes, and are fired simulta- 
^Usly in order to obtain the best effect of the powder and 



64 EXPLOSIVES AND BLASTING §3« 

to save time. In makinc^ key holes, the size of the heading 
and the hardness of the rock are to be considered. There is 
always one of three cases to consider, as ix>wder is used in 
soft, medinm, and hard rock. In soft rock, key holes in the 
bottom may be the best. 

The key holes may be arranc^ed in drcnlar form to take 
out a cone and the outer holes are then arranc^ed more or 
less concentrically with the center cut holes, or more fre- 
quently the key holes are arranged in straight lines from top 
to bottom of the face so as to take out a wedge-shaped 
center cut, and then the enlarging holes are similarly 
arranged in straight lines parallel to the lines of key holes. 

106. American and Boropean Practice. — It is cns- 

tomary in some European countries to place the breakingf-in 
holes so that they will not meet, in order that there may be 
a wide end to the cavity broken out by them; American 
practice, however, is to make them meet so that the increased 
quantity of powder that may be inserted will have more 
effect. European practice is generally to use short holes, 
that is, one-half the width of the heading, while American 
practice is to make the holes about as deep as the heading^ is 
high. While the two systems call for about the same 
number of feet of drill hole, there must necessarily be con- 
siderable saving in time where drills are not changed as often 
as is required in European practice. 

The American system is probably the better where labor 
is expensive, since it permits of quicker advance and keeps 
the shifts up to their work in better shape. It requires, 
however, more explosive, and is therefore best adapted for 
countries where explosives are cheaper than labor. 

107. Conical Center Cut. — Fig. 34 (a) shows a rock 
heading G feet by 7 feet in medium-hard homogeneous rock, 
'i'he key holes 1 are put in at an angle so that the bottom of 
the holes will meet at a depth of about 6 feet from the face- 
Fig. 34 (d) shows a section of (a). Where drill holes meet 
in this manner, they form a chamber in which the powder 
can be placed io larger quantities and be more effective than 
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in single drill holes. The direction of the second rows of 
holes is shown at 3, and the third row at H. The holes are 
all drilled in one shift, and the blasting done and the broken 
rock removed by the following shift. It is customary to 
charge and blast the holes by rounds, 1 being first fired, and 
as soon as rock is cleared from this the enlarging holes 2 




may be charged. It is sometimes customary to fire holes 2 

and 3 together, but it is better to fire 2 and remove the dirt, 

and lastly 3, as that gives a larger free surface to work on. 

There must he a wait, after each round is fired, for the air to 

change, but with an air hose the foul air can be driven out 

quickly, and while the rock is being removed the next round 

Qiay be charged. The number 5 round is known as the 

squaring-up round, and while the holes are placed a short 

distance from the roof and floor they are kept, as nearly as 

is possible, parallel with the side walls. That they are not 

E>ut in exactly horizontal is due to the inability of the drill 

I'unner to place the machine nearer the walls. The number 

Rnd position of the drill holes for enlarging will depend on 

the size of the heading and the explosive used. 

108. Fig. 35 (a) and (6) shows another arrangement 
■Where the rock is hard. The key holes 1 in this case are 
four in number and outside of them are four enlarging 
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boles 2. It mieht be possible to load and fire boles 3 and 
together, but as tbe latter are in tension and the number 
holes are assisted somewhat by gtavitj, better results wi 
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probably be obtained by firing number 4 boles last. It is to 

be understood that what has been stated is not always tl^ 
proper way to place holes; much depends on the force of the 
explosive, the hardness of the rock, and the evenness of its 
texture. The miner must be guided largely by experience 
and common sense, in finding exactly the best position. To 
drill extra hand holes for squaring up a heading is unsatiS" 
factory and expensive, consequently the key holes th*'' 
furnish two free faces are the particular ones to be watche"* 
Key holes should be placed as far apart as experiments shC^ 
it to be necessary to give the best results, and when tt** 
distance has been found, it should not be varied. 

109. Square-Cut Drtlliiis and Blasting. — By tt»*^ 

method, a center cut is taken out the full height of the fs-*^ 
and all subsequent holes are drilled in lines parallel with t^* 
side of the heading. Fig. 36 (a), (6). (e), and (d) illustrat^^ 
the square-cut method driven according to the Europe^*^ 
method of blasting; that is, the holes are not more than orJ^' 
half the width of the heading in depth. Fig. 36 (a) sho**"^ 
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e of the heading; Pig, 36 (i) and (<r), horizontal sec- 
si and Fig. 36 (rf), vertical section, 

wo or four drills can be used to advantage in drilling the 
!S for the square-cut system. With strong hard rock, the 
aeter of the holes will be about Ik inches at the bottom, 
the four holes l, 2, 3, 4 will be somewhat shallower than 
Others. It will also be noticed that there are only three 
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'ardly inclined or dry holes to be bored in this arrange- 
It, as compared with foiu: in the center-cut system, Fig. 34, 
four in Fig. 35. As the drill holes are always slightly 
ical (owing to the fact that each succeeding drill is of 
iller diameter than the preceding), the four shallower 
2s will be nearly, if not quite, 1. inches in diameter at the 
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bottom. The entering wedge, Fig. 36 (d), is best removed 
in two stages: First, the part e^h by the breaking-in shots 
i, 2, 3, and 4, and then the part e/A by the breaking-in shots 
5, 6t 7, and 8, The order of firing the shots is as follows: First 
volley, 7, 2, 5, and 4, simultaneously; second volley, 5, 6, 7, 
and 8, simultaneously; third volley, 9.10, 11, and 12, either 
simultaneously or consecutively; fourth volley, 13, 14, 15, 
and 16, either simultaneously or consecutively; fifth vol- 
ley, 17, 18, 19, and 20, either simultaneously or consecu- 
tively. The effect is practically the same whether the 
enlarging shot holes are fired simultaneously or consecu- 
tively, on account of the fact that they are too far apart to 
assist each other, but to save time simultaneous firing is 
advisable. 

110. To compare the European and American methods, 
assume the heading to be 7 feet square; the European method 
requires 48 feet of drilling for the center holes and 35 feet of 
drilling for the remainder of the holes. If V X 8^' cartridg^es 
are used, the holes will be li inches in diameter, and will con- 
tain, if they are loaded half full and rammed properly, 
18 pounds of powder. In the American method, there will be 
92 feet of drilling — 56 feet in the center holes and 36 feet in 
the squaring-up holes. These holes will average li inches 
in diameter and use !«'' X 8'' cartridges. If now they are 
loaded half full of powder and rammed properly, they will 
require 23 pounds. The difference in the cost of explosives 
will be about $1 in favor of the European method, but this 
saving would be more than offset by the extra shifting of 
drills and labor lost thereby. With the American sys- 
tem, there is greater concentration of work and greater 
advancement. 

111. Side Cut 111 Heading?. — Sometimes there is a 
natural parting at one. side of the heading, as when the head- 
ing is following a vein of ore, or a slip in the rock. In such 
a case, the side cut offers very important advantages, and 
especially when only one rock drill is employed. Fig. 37 
illustrates a set of holes drilled to make an advance of 3 feet 
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6 inches in a heading by means of a side cut. The order of 
firioE would be as follows: First volley. 1 and 2, simultane- 
ously; second volley, 5, -J, and 5, consecutively; third volley, 
6, 7, and 8, consecutively; 
fourth volley, 9, 10, and 11, 
consecutively. 

112. Special Arrango- 
ment for Throwing Uro- 
ken Rock From Face. — Of 
course, no general rules can 
be laid down for drilling holes 
under all circumstances, as 
the rock may vary from point 
to point in the same drift or 

heading, and the seams or ', "■- I 

joints will always have an 
effect on the results. Fig. 38 Fig a; 

illustrates a. set of holes drilled in the face of a heading, 
which bringb out another prinLiple In this ciae, the holes 

6 red m the order of their numbers the holes E being 
last It will be noticed that there his been an extra 



i 




hole placed at the bottom, and these bottom holes are some- 
times overcharged in order that the last shot may have 
a tendency to throw the broken rock away from the face. 
If the order had been reversed, and the upper shots fired 
last, the broken rock would be piled against the face of the 
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beading in the very place where the drill would have to be 
Bet up for the next operation, and much valuable time would 
be lost in throwing back the broken material before the 
machine could be set up. 

113. Extra Heavy Blasts. — In blasting in stopes or 
open cuts, special methods are sometimes employed, as, for 
instance, in the large stopes of the hard-ore mines, or for 
stripping off the surface, where the diamond drill is some- 
times employed for drilling blast holes, These holes are 
drilled 20 or more feet in length and at an angle, so that the 
end of the hole is sometimes 8 or 10 feet from the face to be 
blasted, as shown at a, Fig. 39. The holes are then loaded 



with 30 to 100 pounds of dynamite and fired. The drilling 
per foot is much more expensive than it would be if per- 
formed by rock drills, but the amount of material broken 
per pound of powder and per fool of hole drilled is very 
much greater than would be the case were smaller charges 
and shorter holes employed. 



BLASTING I5S SHAFT SHTKING 

114. jIn shaft sinking, the general and relative positions 
of the holes, and their depth, is about the same as for tun- 
neling in similar rock, A center cut is usually made as 
shown in Fig. 40, and side holes are driven in lines parallel 
to the holes for the center cut, as shown. The dimensions 
given in Fig. 40 are for a shaft sunk in white crystalline 
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limestone. At first, 6-foot cuts were made, but later 10-foot 
cuts were made and the boles arranged as shown in Fig. 41. 

r — - 80-0^ H 
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Farther details m regard to tunnelmg, shaft sinking, and 
blasting in coal will be found in DnflSy Slopes, and Shafts, 
and Methods of Working. 
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COAL-CUniNG MACHINERY 



GENEBAIi PRINCIPLES OF MACHINE 
^L COAL CUTTING 



^^^ INTRODUCTION 

1. Cutting the Coal. — The most expensive and diffi- 
cult operation in the production of coal is, in general, 
■'le process of loosening it from its solid state. This is 
t^complished in three ways: (1) By blasting it from the 
3lid, as is done in most of the mines in the anthracite 
'Sions and in many bituminous mines. (2) By undercutting 
'^ blasting or wedging down, or letting; the weight of the 
c>f break the coal; this method is used in many bituminous 
*nes worked on the room-and-pillar system, and in all long- 
*11 workings. (3) By shearing the coal, either in the center 

On one rib, and blasting. In some mines, the coal is both 
'<3«rcut and sheared, either on account of a frail roof or to 
c>duce a larger proportion of lump coal; for when the coal 

tioth undercut and sheared, it can be brought down with 
'Very light charge of powder. 

2. The many machines that have been constructed to 
tt<3ercut and shear coal are now so perfected to meet the 
^rious requirements, found in the different fields that an 
icreasing number of mines each year is being equipped 
^'th coal-cutting machines. The use of these machines 
"lahles the operator to increase his output with a given 
'^*^<5Unt of labor and reduce the cost of production, and 
'^itnits the operation of a mine with a smaller number of 
*'IIed miners. 

^**l'rit:kltd ir /ti(crnalje«al 7ii thaok Company . Extired at Slaliettri- Hall. Lmdm 
i -. Ifj. - , ■ ■ - 
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Results obtained in machine mining^ have generally be^^ i 
satisfactory wherever the machines have been installed wil 
prudence; that is to say, wherever the proper type of machii 
has been carefully considered and good judgment used 
deciding whether or not machines should be used at aC^l. 
There are cases in which plants have been installed whei 
the conditions were strongly against the use of machinei 
and failure was to be expected. 

3. Conditions Favoring Use of Machines. — A lev^^l 
even floor, good roof, and good quality of coal, or a so r^t 
mining dirt underlying the seam, and a thickness of coal nczi^t 
less than 3 feet, are the chief conditions that favor the u^ < 
of mining machines. 

4. Conditions Adverse to MacUnes. — Coal-cutting 
machines cannot be successfully employed on irregular 
seams, or seams of too great inclination, or in seams much 
less than 3 feet in thicl^ness, or under a roof that requires 
timbering too near the face, or where the roof pressure is 
excessive. When the dip in the coal is over 14°, most manu- 
facturers do not care to run the risk of failure and do not 
recommend machine mining. The pick machine can be 
worked on a much steeper grade than the chain breast 
machine, and there are records of its being used on a grade 
of 23°, but at a much g^reater cost than for hand-pick mining. 
The coal must be comparatively hard, and should not crum- 
ble nor contain too many boulders or sulphur balls. 

A soft bituminous seam of coking coal may be profitably 
and successfuly mined where the roof and floor will permit, 
but where the roof or bottom is tender and a great deal of 
timbering is required, machines are not usually as successful 
as hand mining. 

When drawing pillars, undercutting machines can be used 
successfully only where the roof, floor, and coal are of good 
quality, and they cannot generally be used with safety where 
there are slips or joints in the roof supported by the pillars, 
or where there is an excessive load on the pillars. In the 
long-wall system, machine mining is out of place where the 
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^r floor is so soft that the pack walls are not sufficient 
revent squeezing; on the other hand, where the roof and 
r are of average hardness and the pack walls are suffi- 
t, njachine mining has an advantage over pick work. - 
. Effect of Mlnliif? Kate on Use of Machlnee. — The 
.sability of mining by machines can be decided only after 
jmplete investigation of the particular mine in question, 
Deal considerations often affect the decision. One espe- 
y important item of this character is the mining rate in 
district. In a district where the rate for pick mining is 
, the introduction of machines may be of no advantage. 



TTPE8 OF COAt-CUTTING MACHINES 

. The most successful coal-cutting machines may be 
atJed under two types: (1) Those that act percussively 




cut with a single large chisel, very much like percussive 
c drills; these are the piatchers or pick machines. Fig. 1. 
Those that cut "with a series of steel teeth that grind or 
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way into the coal; this class may be divided into 
asses: (a) the chain or chain breast machine. Fig. 2, 
1 series of steel teeth mounted on an endless chain, 
one direction, by which the teeth are made to cut 
ontinuously; {b) culier-bar machines. Fig. 22, which 
teeth set in a 
)ar that is made 
in a direction 
ngles to the bar 
ith cut the coal; 
<achines. Fig. 19, 
ife the teeth set 
iphery of a wheel 
es and advances 
Itting progresses; 
Stanley header, 
which cuts out a 
Inder of coal and 
Imost exclusively 
g beadiogs. 



1.3 (a) shows the 

ndercut made by 

mining; Fig. 3 

S that made by 

machine, being 
lly the same aw 
I Fig. 3(f) shows 

cut made by the "" 

hine. The depth ^"^'^ 

ut depends to some extent on the type of machine 
. A common rule, however, is that the coal should 
rut to a depth about equal to the thickness of the 
ept in very thick seams. Where the coal is under- 
iheared, it will not stand so great an amount of 

as when it is not sheared. The coal structure aud 
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pressure from roof and floor also influence the depth to 
which the undercut is to be made. 

8* The pick machine. Fig. 1, imitates in its operaffoo. 
the hand process of undercutting, as shown by the form o-J: 
undercut, Fig. 3 (d). The pick is driven forwards with ^ 
blow varying from 1,200 to 1,500 pounds, and the machiix^ 
delivers from 150 to 250 blows per minute. It cuts fro 
4 to 6 feet deep with a height of from 12 to 14 inches at 
face and from 2 to 3 inches at the back of the cut. 

9. The chain macliine. Fig. 2, makes an undercut ^cnf 
but 4 to 42 inches high for its entire depth of from 5 '^^^ 

7 feet, as shown in Fig. 3 (c). The cutting of the coal ^s 
done by teeth inserted in a chain, which travels about a 
frame, as shown in Fig. 4. Timbering at the face hinde^crs 
the operation of the chain machine, and may influence tkrv^ 
depth of the undercut. 

With a soft coal that breaks easily, the thin underctm^t 
Fig. 3 {c)t gives a larger proportion of lump coal; sonc^^^ 
coals, however, break in large masses and unless the fro^^^^ 
of the undercut is high, as in (a) and (^), the coal will»"^^^ 
fall out, and extra labor is required to break and load it. 

All cuttings made by a chain machine are slack, wh^-^^ 
those made by the pick machine are at least one-half \\X^^^^ 
and the remainder largely nut an(J pea, which usually haV^ * 
greater market value and for which there is more dem3.^^ 



COMPARATIVE MERITS OF DIFFERENT TYPES OF 

MACHINES 

10. The pick machine is the best type for mining ua<^^^ 
unfavorable conditions, such as where there are rolls in tt^^ 
floor, boulders, pyrites in the form of thin layers or sulpht^^ 
balls, clay seams, tender roof, and excessive roof pressure* 

Whenever the chain breast machine is set to work on the 
floor lirie of the coal, it undercuts the coal in a straight line 
from the face of the coal to the full depth of the undercut. 
Should there be any change in the floor level or any hard 
rolls of clay, or balls of iron pyrites in the coal, the course 
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of the chain cutter cannot be diverted so as to tniss them, 

and its teeth will often be broken by the hard substances 
encountered. The surface of hard rolls is often covered 
with iron pyrites in thin layers, and the rolls contain sulphur 
'tails, consisting mostly of iron pyrites, which are often harder 
han the teeth or bits used for cutting. The machine must 
hen be stopped, withdrawn from the cut, the bits renewed, 
lie machine reset, and the operation of cutting commenced 
gain, with the possibility of a similar experience at any 
loment. With the pick machine, these obstructions can be 
voided, the floor line can be followed in the case of hard 
oils, and sulphur balls can be cut around. Wherever the 
oof pressure on the coal is excessive, a chain machine can- 
lot be used successfully, as the undercut being but 4 to 
\ inches high, the coal may settle down on the machine and 
lold it fast so that it can neither advance nor withdraw, 
n<i it is necessary to dig out the machine; this does not 
ccurwith the pick machine. Also where the roof is tender 
Ji^a much timber is required near the face, the ordinary 
a^in breast machine cannot be used, as it requires from 
* to 14 feet of clear space along the face of the coal the 
^tire width of the room or entry. The pick machine, how- 
'"^r, can be manipulated easily among timbers if they are 
■"stematically set, and not too numerous or too close to the 
^c For this reason, the pick machine is better suited to 
^i work of drawing pillars than is the chain breast machine. 
laerever favorable mining conditions exist, the chain breast 
^chine can be used with economy. In long-wall work, the 
^-i^e conditions determine the choice between the pick 
^a.chine and long-wall machines of the dislc, chain, and 
*stter-bar types. 



11. Type of Machine hs Influenced by Method of 
Working.— In the pillar-and-stall method of working, a 

Comparatively small face only is cut at one time, i. e., the 
ridth of a room or pillar; hence a machine for such work 
should be compact in form, not of too great weight, and one 
iiat can be moved with ease from place to place, easily set 
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up for operation and taken down, and not reqniiins^ 
adjustment on the floor or bed in order to do its work. Bo 
the pick machine and the chain breast machine have be^ 
successfully used in this method of workincf. 

For long-wall work, the machine is required to cut cocs. 
tinuously along the face of the coal. It should be compacrl 
in form and occupy as small a space as possible; it shouL 
be self-propelling, and capable of being worked on a jagge 
or a circular face of coal; and should be so arranged that i 
its progress along the face of the coal the cutting apparata 
can be lowered or raised, so as to cut above or belo 
obstructions that may present themselves in the path of th^ 
machine. This will also enable the machine to follow th^ 
floor line of the coal. The most successful long-walX 
machines are either those of the disk type, chain machine S5 
having an endless chain working around an am placed 
right angles with the bed of the machine, or the cutter-ba. 
type of machine. The pick machine is also sometimes use 
in long-wall work. 

POWER USED IN COAIi CUTTING 



ELECTRICITY 

12. There are practically but two kinds of power *f< 
operating coal-cutting machines, electricity ^n^ compressed at ^^' 
Klectrldty, being a very flexible form of power, hascoir»^ 
into very general use and is the power most generally use^ 
in connection with chain machines. It has not, howevex'f 
been successfully applied to coal-cutting machines of thepic1^» 
or puncher, type, and, moreover, its use in gaseous mines i^ 
not advisable on account of the sparks it often produces, 
which increase the danger of mine explosions. 1 5ec 

In the maintenance of electric plants, skilled men arc I ^ 
required, as numerous repairs calling for technical skill | ie 
are likely to be necessary. The voltage for coal-mining 
machines should not exceed 500 volts, from 220 to 250 volts 
being often preferred on account of the danger to life from 
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contact with the wires with higher voltages, and even 
250 Volts is dangerous to mules and to persons having any 
weakness of the heart. 

The advisability of a central power plant for a number of 
mines depends on the number and location of mines that can 
be economically supplied from a given point. The larger 
the number of mines that can receive their power from one 
station, the less will be the cost of power per mine, and the 
cost per ton of coal mined- The distance to any one mine 
should not be too great, because the greater the distance the 
larger is the wire required to convey a given current and 
deliver it with the least practical drop, or loss, of pressure at 
t^s point where the machines are in operation. This matter 
should be closely investigated and determined before the 
plant is installed. The direct current is generally used for 
Operating coal-cutting machinery. 

13. "Wiring tor Coat-Cutting; Machines. — The wiring 

P' a mine for operating coal-cutting machines by electricity 
" Ho different from that required for haulage and pumping, 
** «3escribed in Haulage. The wires from which power is 
**eia to operate machines should be kept extended, as far as 
Practicable, to the face of the entries, and should at no time 
^ farther from any working place than the length of the 
'^_*-"le that is used to connect the machine with the power 



and which is carried on a reel from place to plat 



! with 



_^ machine. If possible, the wiring of the mine should be 

*"Vi(3ed into sections and each section connected to a central 

^*^int, where there is a switchboard arranged so that the 

^^ciions can be supplied with power independently of each 

^ther. The reason for this is that a short circuit occurring 

*1 any one section may not cut oft the power in the other 

Sections. This is of extreme importance in mines of very 

tender roof, where falls are likely to occur, bringing down 

the wires with a resulting short circuit and loss of power. 

It is often advisable that the line for transmitting power 
for machines and pumps should be separate and distinct 
from that used for haulage. This is net the usual practice. 
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nor is it at all times advisable, but wherever so installed she 
circuits in the workings do not aSecl the haulage; and further, 
should the motor for haulage be overloaded in clirabiDja 
very steep grade, the resultant drop or loss of pressure in the 
line will not affect the machines at the far end of the mine. 

COMFRESSED AIB 

14. Air under pressure, when rightly used, is ao eco- 
□omical means of traasmitting power. Its advantages are 
nuroerotis; used in gaseous mines it assists ventilatioQ. and 
has been the means of saving tiie by supplying fresh air to 
imprisoned miners; its pressure can be so regalated that it 
will remain the same whatever the number of madiines in 
operation; the speed of an air compressor is slow, reditcine 
the liability to accidents that often occur in the use of liiel>' 
^leed machines; the repairs of compressed-air machioet; & 
Dot require as expert mechanics as are required for electric 
machinery. 

15. Transmitting Compressed Air, — Compresseo- 
air fiows throogfa pipe lines to the place where it is used- 
This flow is impeded by the frictioo oi the air against Ih^ 
inner surf»c« of the pipe, prodocing a drop in the pressor '^ 
at tbe vorkias end oE the liae. Tbe proper siie of pipe "^ 
^bauM tberefcffe be used, this depending oq the distance c^ 
tnusnissioa and tbe amount of work to be done. Id - 
auttinc plant, high pressare is by far more etsmomical tba:^^ ' 
low pcttssiiie. beeaase air on be conveyed in smaller pipe^^ 
nnler a bigb pressare, and sroaPer ^Eaders can be used os^^ 
tbe coat^mtios maiAtrw»s. redociBe tbe cost of instalbtio:^^^ 
nod repaiis. 

In layii^ a pipe litte. die same rates sfaoidd be anitied a^ ' 
in winox mittes for e l ectric power i- e-. the mine should b^^ 
divMfed into sacDoiQSk with pc<at)crlT placed valves to contro] t^'' 
«Er. 1}bd« KBderrooC. tike pipes sbeoEd be laid on the floc^' 
•I tbe mine to avoid dkcir faerie hniken by a calL Tbe jui-*' 
SMKol Aeaii-asedforBMamc macbmes Is K to SO po uiifH~ 
nb Oa igf banlace ootpoae a « p ce saie of MOto TODponatf* 
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tiaed. Hence, it is generally impracticable to take the air 
eded for the mining machines from the air line used for, 
uiage purposes, and a separate pipe line is laid into the 
se of the mine to supply air for the machines. 
The power used for haulage purposes is too frequently 
ade the governing element in choosing the power for cut- 
3g the coal. In many cases, electric chain machines have 
ien installed for cutting the coal, simply because an electric 
lulage was desirable, although the mining conditions were 
Jverse to the chain machine, and favored the compressed- 
T puncher machine. At a number of operations, both forms 
E power are used — electricity for haulage and compressed 
r for coal cutting. It must be borne in mind in choosing 
suitable power that such conditions as ventilation and the 
■Pporl of the roof are entirely different along the passage- 
>ys where the haulage is done and at the face where the 
al is cut. 

CLASSIFICATION OF COAL-CUTTING 
MACHINES 

^H CHAIN COA1.-GUTTI1SIG MACHINES 



CHAIN DNDKR CUTTING MACHINES 

l€. Fig. 4 shows the construction of the ordinary form 
*Tettrey cbaln machine. It consists of an outside 
xiae a, an inside, or cutter, frame k, and a motor m. The 
;ter frame is of cast steel and so proportioned as to 
ssent a compact and symmetrical triangular appearance. 
le outside frame consists of two steel channel bars and two 
gle bars firmly fastened together by means of heavy steel 
aces. A heavy steel casting e joins the channel bars at the 
>nt of the bed frame and forms the gib, or guide, for the 
side frame; on this casting, also, the front jack / is 
^uated. At the rear end of the frame is a solid steel 
"Osing that carries the cross-bar for supporting the rear 
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B, or braces, to the roof. The inside, or cutter, frame k 
iists of a forged-steel center rail, a cutter head h, and 
steel guides / in which the cutter frame runs. The 
2r frame is advanced and withdrawn by power trans- 
ed from the motor through worms and gearing to the 
-rack d. The feed-racks, made of rolled steel and hav- 
machine-cut involute teeth, are firmly bolted to the 
ide frame; these racks are made in sections for con- 
ence in making repairs. Power is conveyed from the 
3r to the different parts of the machine, as required, by 
stem of gearing and worms. 

wn IW^. ."W^- ^¥'_ . _ . .^ 



It "?*fc T'.n 



3e rear end of the outside frame is provided with hooks j* 
:onvenience in handling the machine. The cutter frame 
1 built that but three wheels are required — two idlers or 
ves in the base of the triangle, which is the front, 
one driving sprocket at the apex in the rear; on these 
cutting chain travels in its course about the sliding 
le. This chain is driven by the rear sprocket in the 
: of the frame. 

r. Chain and Bits. — Fig. .5 {a) shows a top view and 
b(b) a side view of a portion of a cutter chain. The chain 
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carrying the cutter is subjected to great stresses and wear and 
tear, and consequently must be made strong and of as few 
parts as possible. Since it is necessary to sharpen the cutters 
frequently, an easy means of detaching them is provided by 
having a socket in each alternate solid link / in the chain, 
into which the bit is fitted and held firmly in place by a set- 
screw s adjusted from the side of the link. 

The number of bits on a chain varies according to the style 
of the machine, and the ideas of the manufacturer as to what 
the different structures of the coal require. The speed of 
the cutting chain also varies from 150 to 300 feet per 
minute in different machines and in different coals, the 
harder the coal the higher being the speed required. 

The usual form of the bits, or cutters, is shown in 
Fig. 5 (c). These bits are made of good tool steel either by 
drop forging at the factory from which they are purchased, 
or by hand forging at the mine blacksmith shop; when dulled 
by use, they are sharpened and tempered by the mine black- 
smith. When tempered properly, they should be blue in 
color, because if tempered to a straw color they will be too 
hard and brittle, and when a sulphur ball or other obstruction 
is encountered will break off close to the lug of the chain. 
Bits are usually set in the chain w^hen the power is on the 
machine; this enables the chain to be brought to any desired 
]:)osition, which is quite necessary, as the chain is exposed 
for a part of its length only. After the bit is placed in the 
socket of the chain, it should be accurately gauged and the 
setscrew securely tightened. The life of the bit depends 
largely on the material it cuts. When cutting coal contain- 
ing sulphur, bits do not last as long as when the coal is 
practically free from sulphur; in the latter case, as many as 
seventy-fiv^e cuts have been made without changing the bits; 
while with coal containing sulphur, especially sulphur balls, 
the bits often require to be changed three or four times in 
the cutting of one room. This shows that no estimate can 
be given on the life of a bit in cutting coal, as everything 
depends on the material it cuts, the handling of the machine, 
and the tempering of the bits. 



Us COAL-CUTTING MACHINERY 15 

X8. The Motor. — The electric motor used on the machine 
sscribed in Art. 16 is of the multipolar iron-clad type with 
e armature running horizontally and having its field coils 
oroughly insulated and protected from injury, A compact 
arting switch or rheostat is arranged so that the motor 
ay be run either forwards or backwards, as desired. The 
indings and conductors are so arranged and proportioned 
lat a minimum rise in temperature takes place, and an 
I'erload can be easily carried without sparking at the 
>inmutator. The parts of the motor are shown in Fig. 6; 
I a' are the bearings in which the armature journal runs; 




. the field coils; r, the armature; d, the journal of the anna- 
are; e, the iron-clad case; /, the starting box or rheostat; 
nd^, the brush holder shown in place at h. 

The motors on machines are usually protected by a dust- 
roof and waterproof casing, but any bearings that are neces- 
arily exposed to the dust in the mine should be frequently 
leaned and kept well oiled. 

19. Compressed-air motors are also often used on chain 
lachines. These motors are twin air engines built compact 
ad strong and mounted on the machine, as shown in Fig. 7. 
xcept in the motor, thain machines operated by compressed 
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air differ in no way in their constraction and operation from 
similar machines operated by electricity. 

20. Fig. 8 shows the "Heavy D" type of the Morgan- 
Gardner macliliie mounted on a truck for transportation. 
The cutting parts are the same in principle as the machine 
already described. The electric motor that furnishes the 
power is different and is of a multipolar iron-clad type with 
internal fields; the armature is a toothed Gramme-ring type, 




with the coils wound in slots and below the face of the arma- 
ture. This, as in the former machine, protects the coils 
from injury from rough usage or in case of accident. The field 
coils are wound on spools that slip over the pole pieces and 
can be easily removed. The armature is mounted in a ver- 
tical position. This form of mounting has an advantage in 
reducing the number of gears necessary to change the 
direction of the motion. 

21. Fig, 9 shows the Uootlman niaclilne, which differs 
from those described in several points. It consists of a 
stationary frame a and a motor mounted on a frame b sliding 
on guides c attached to the stationary frame. The motor is 
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driven either backwards or forwards by the sprockets d at 
its sides. 

The sliding, or traveling, frame is supported entirely under 
the stationary frame, which enables the machine to cut very 
close to the bottom when it is desired. It can also be 
adjusted to cut higher, if required. The motor used with 
this machine is compound-wound, which causes it to auto- 
matically adjust its speed to the resistance offered to cut^g:; 
thus it slows down with hard cutting or dull bits. 

22. The Sullivan electric chain macliine^ shown in 

Figs. 10 and 11, differs in a number of particulars from 
those already described. The frame that carries the cutter 
chain is fed forwards in making the first, or **tight," cut by 
a driving sprocket working on a feed-chain a, Fig. 10, the 
end b being made fast to the front end of the machine frame, 
and the other end being held in the slot c at the back of the 
machine. When the first cut is completed and the machine 
run forwards to the front of the frame, the back part of the 
frame, or pan, d is detached at the point e\ the end of the 
feed-chain is then carried through the block at gy Fig. 11, 
shown also raised out of the way in Fig. 10, and anchored 
in the opposite corner of the room. The other end is held 
by the ratchet shown at /, Fig. 11, by which the tension on 
the chain can be regulated. The machine then makes a cut 
sidewise clear across the breast without stopping. The 
advantages claimed are the saving- of time by making one 
set-up suffice for the whole room and considerable flexibility 
in following an uneven bottom by elevating or depressing 
the feed-chain. A perfectly smooth bottom is left, while the 
debris need be thrown back only a short distance. 

The machine shown in Fig. 10 is the latest type of the 
Sullivan machine; that shown in part in Fig. 11 is an earlier 
form. The two machines are the same in principle and 
method of operation, the difference being principally in the 
cutting end. 

23. The cutter cliaiii shown in Fig. 12 {a) is of the 
newest type, used in the Sullivan machine shown in 
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. 10. It is of the link -and- strap pattern and runs in close 
gibbed guides. The steel cutters have seven positions and 
the coal is therefore cut, not broken, out. This is claimed to 
be an improvement over the form of cutter shown in 
Fig. 12 (i), which was formerly used, in which the cutters 
were set opposite each other in pairs and the core, or center 
between the teeth, broken out by rakers. 
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24. A new type of machine invented by Mr. Leiter, t*** 
original inventor of the chain breast machine, has the f*^^^' 
lowing principal differences from the ordinary chain bre^»-^ 
machine, viz.: The chain has lugs with two holes for the bi*^^ ' 
one above the other; this allows the bit to be placed far "* 
the socket, and as a good hold is thus secured the gauging -^^^ 
the bit is unnecessary. Another feature is a special for ^*^^ 
of bar-iron about 1 inch in thickness attached to the fore ec:^^*' 
of the sliding frame of the machine. This iron is triangul^^^' , 
in form, with the base of the triangle resting on the rib^^^-^^^- 
the coal as the machine advances. The angle at the apex c:^^ 
this triangle is about 15°. The purpose of this triangul^^* 
form is to keep a chain machine from working toward th:^' 
right; for example, as the teeth take hold in cutting the coa- -* ' 
the machine is continually drawn toward the right, causin ^ 
the teeth to cut deeper and deeper into the coal. Tb"*^ 
triangular form prevents this from being done. FurtheC' 
the strain is taken ofE the machine, and the work of the jack* 
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on the machine is not so important as when this device is 
not attached. 

25. Machines for TUln Veins. — In addition to the 
styles of machines used for medium or thick veins, most 
manufacturers build smaller and more compact machines 
especially adapted for use in low seams. Fig. 13 shows theit 
general construction, which is similar to the ordinary types. 

26. Reel and Cable. — In order to avoid the expense 

of wiring each room in which the coal is cut by machine 
cable is used to transmit the power from the feed-wire in tiie 
entry to the machine in the room. This cable and the i-« 

on which it is wound. Fig, 14, are carried from place to pis 




in the mine on the mining machine. The length of the cab^^ 
varies from 15D to 300 feet, depending on the length of t^* 
rooms. It is of a twin type, being composed of two wires, 
or. conductors, thoroughly insulated from each other so^ 
securely bound together. On one end of each conductor oi 
the cable are hooks a. as shown in Fig. 14. 

When the machine is to be taken into a room, the cable iS 

attached by these hooks, or clamps, to the feed-wires in lb* 

entry, one to a positive and the other to a negative wire, 3-' 

the mouth of the room, and the cable unreeled as the machic** 

, advances toward the face of the room. The two conducto*"* 
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mg the cable are permanently attached at the other end 
i two ends of the axle of the reel; this axle is so arranged 
its metal ends are insulated from each other. A short 
■ b is used to connect the machine with the respective 
of the axle of the reel by inserting the plugs fi,p at the 
)f each conductor into the holes in the ends of the axle, 
plugs c, c at the other end of this cable are then inserted 
e poles oE the machine and the connection is complete. 




. Trucks. — The cutting machine is carried about the 
on a four-wheeled truck. Fig. 15, of the same gauge as 
nine car. On the back end of this truck, where the 
r attached to the machine rests, is a ratchet and reel w, 
ich a chain c is attached, by which, when the machine is 
loaded, it is drawn from the floor of the mine on to 
-uck. The truck is built to perform the part of a skid, 
ront end ^ of the truck resting on the floor of the mine 
the machine is being loaded. 

I. As the machines are heavy, the loaded trucks are 
ult to push by hand up and down steep grades To 
come this in a mine equipped for electric haulage, po'wer 
■ks are sometimes used, the motor that operates the 
line being mechanically connected with the running 
of its truck. This connection is accomplished in various 



26 COAL-CUTTING MACHINERV §45 

ways by different manufacturers, but it usually consists of ao 
endless chain ninoiug over sprocket wheels, one of which is 
attached to a journal , 
on the motor and the 

other to the asle of 
the truck; or the moior 
and journal may be 
connected with a jour- 
nal on the truck by a 
sprocket chain or by 
gearing and this jour- 
nal, in turn, similar!*? 
connected with to* 
axle of the truck. -^^ 
common arrangemecrral 
of the first kind : ^ 
shown in Fig. 16. Tb 
, motor is so designe^^=^ 
! as to be readily di 
■ connected from tt^ie 
coal-cutting machit» 
and is equipped with 
reversing switch so e 
to run either forwarci^* 
or backwards. Th - 
arrangement has ^ 
fee ted great econom^^^^f 
in transferring m.^-^ 
chines from one toa^^^ 
to another. 

39. Depth of Cttf. 
PoTOer, and Weigh tr- 

The chain breast ma- 
chine makes a cut of 
from 5 to 7 feet in depth, 39 to 44 inches in width, with a 
height of 4 to 4a inches, and develops about 8 horsepower 
when cutting under a full load. The average-sized machine 
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Seighs from 2,400 to 3,000 pounds. The type of machine 
Used in low veins weighs from 1,500 to 2,000 pounds. 

30. Capacity. — The amount of undercutting that a 
ttiachine can do in a given time depends on the men running 
't, the character of the coal, and the presence of faults and 
impurities and other obstructions and hindrances to the work 
of cutting. Under favorable conditions, one machine oper- 
ated by two men is recorded as having made 104 cuts, each 
S feet deep, in 10 hours, these cuts being made in rooms and 
SBIries. This is exceptional cutting and much higher than 
the average. It is fair to say that a machine making from 
^6 to 45 cuts. 6 feet deep, in 10 hoars, is doing good work. 
An average of 40 cuts, 42 inches wide, will represent 140 
''neal feet of face, which for coal 6 feet in height will make 
'PProximately 140 tons of coal per shift of 10 hours. Under 
"^favorable conditions, the result will not run nearly so 
'eh. There are cases where, with the chain breast machine, 
tie undercuttingof one room per shift of 10 hours is considered 
°od work. The capacity of the machine or the number of 
■'Qs it will make differs in every locality and seam, and 
^Perience in the use of machines in a given locality is by far 
'^ best guide when the capacity of the machine is to be 
^isidered. The time it takes for a machine to make a cut 
' erenerally but a small part of the total time consumed in 
s operation, unless unfavorable conditions exist, as the time 
T moving and resetting the machines greatly exceeds the 
^i^e of cutting. In cutting clean coal, a machine should 
'ste a cut its full depth in 4a minutes, and 1 minute more 
'^H be required to withdraw the machine; the rest of the 
^'^c is consumed in loading and unloading, moving and set- 
■'1g the machine in place ready for another cut, besides such 
delays as waiting to have rooms cleaned for operation, wait- 
ing for driver, and many small accidents that are liable to 
occur at any time. 
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CHAIN SHEARING MACHINE 

31 • The chain shearing macliine, Fig. 17, is essWxi- 

tially the same as the ordinary chain undercutter, except tb. ^t 
it is mounted on its edge on a truck and provided with ge ^if 
mechanism for raising it when necessary. This mechanis ^^ 
is driven by the motor, and consists of the spur gears a ^it 
the rear of the machine and a rod that runs from these geaX'S 
back to the column />, which is provided with coarse thread^- 
On the end of this rod, there is a worm that engages a worrr:*' 
wheel screwed on the column p. When it is desired torai^^ 
or lower the machine, this set of gears is made to turn tt»>^ 
rod and worm-wheel by throwing in the friction clutch / 
means of the lever /. As the worm-wheel is turned in thm- 
proper direction to raise the machine, it presses against 
shoulder, or cup, so pivoted that the machine may slightl 
turn on a longitudinal axis without detriment to any part 
the hoisting device. The machine is further steadied by tl 
columns n on opposite sides and the rear jacks r. It will 
noticed that the truck is rigidly attached to the machin- 
Before making a shearing in an entry, for instance, the roc 
can be temporarily shoved to one side, whereby the machii 
can be run directly to the proper place to commence worl 



32. Another type of shearing machine, Fig. 18, is su; 
ported on four columns or jacks and is provided wi 
mechanism for raising and lowering it. The construction 
quite similar to the chain cutter mining machine. There 
a bed frame, sliding chain cutter frame, and a motor ca 
riage. The bed frame consists of two rectangular ste 
channel bars and two steel angle bars firmly fastened togetlt" 
by means of heavy cast-steel braces. A heavy steel casti 
joins the channel bars at the front end of the bed frame a 
forms the jib or guide for the cutter frame. At the fro 
extremity of the channel bars, iwo lugs are riveted for s 
porting the split clamp for the front jack. The supports 
the main jacks are located between the center and the r 
of the bed frame, and the bearings for the truck wheels 
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:ed on each side of these supports. The cutter frame 
sists of a steel center rail, a cutter head, and two Steel 
Jes in which the cutter chain runs. 

3. Capacity of Chain Shearing Machine. — After 

le machines are properly placed and raised to position, 
action and operation is practically the same as that of 
chain breast machine. The chain shearing machine 
:es a cut 7 feet deep, 3 feet high, and 4 inches wide. In 
iring coal by this machine, the amount of work performed 
ends more on the height of the seam than when under- 
ing, on account of the number of times it is required to 
re the machine and the time consumed in setting and 
isting the columns and jacks. A greater amount of time 
ig thus lost, this machine cannot shear as rapidly as 
tier chain machine can undercut. A fair average day's 
It for one machine shearing coal 6 feet deep, in a seam 
5et high, would be from eight to ten places per day. 
s will vary, however, depending, as before, on the han- 
£ o£ the machine, the character of the coal, and the impuri- 
contained in it, as well as the minor delays and accidents. 
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DISK MACHINES 

84, In the Jefft-ey electric lonir-'wall machine, 

:■ 19, the cutting is done by means of bits or cutters 
Brted in the periphery of a cutter wheel, or disk, a. This 
;el is made in different sizes to undercut from 3 to 6 feet 
p and swings on its bearings in such a manner as to be 
istable in a horizontal plane. The machine travels along 
face on a single rail i, which is held in position by being 
ed to the floor by means of the column c , r. The height of 
e columns is adjustable by screws worked by the wheels d. 
bottoms of the columns rest on the iron clamps e 
ched to the rail on which the machine runs, and they thus 
I the rail in place, at the same time allowing the columns 
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to be set up a sufficient dif 
tance to one side of the rai 
not to interfere with the pas 
sage of the machine. The 
coal cutter is propelled aloof 
the track by means of a rope 
/, one end of which is iast- 
ened to the forward end ol 
the machine and the otherr 
after passing over a blocl 
fastened to a post some di^ 
tance ahead, is carried bacJ 
to a reel on the macbin^ 
This reel is operated by tl» 
motor, the speed being ac 
instable while the machiim- 
is in operation. The usn^ 
speed of travel of the me 
chine is from 8 to 25 inch^ 
per minute. The method c: 
operating a long-wall m^ 
chine at the face is shown £■ 
Fig. 20. In Fig. 20 U), tla 
machine is moving towar" 
the front drawn by the rope c= 
Fig. 20 (i^) shows the macliiw 
moving in the opposite dire» 
tion; i is the electric cabB 
through which the power S 
transmitted to the motor. 

35. The Jeffrey con»- 
l)ri'sscd-alr long-wal 
coiil-iiilnini; machine ol 

the disk type is showo it 
Fig. 21. The cutting disks 
are made in various sizes 
corresponding to depths o 
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'^dercut of 3, 4, and 5 feet. The type of machine shown has 
'win engines, and is 22 inches high, 3 feet wide from face 
■^f coal, and about S feet long. The cutting disk is driven 
"? the face pinion 6 shown at the left of the machine in the 
Protecting hood. This pinion is on .the main shaft, which is 
perpendicular to the face of the coai. On this shaft are also 
8 spur gear driven by the crank-shaft pinion, and an ecceatric. 




■ not visible in this illustration, that operates tlie ratchet for 
Involving the drum c on which the cable d is wound. The 
; is provided with adjustable ilanged rollers e at each 
^ means of which it can be raised, lowered, or tilted to 
a to uneven floors and the variable conditions met with 
These rollers run on a single rail provided with 
jpecial ties and hght jack-screws to take the side thrust due 
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to cutting. The rail sections 
ties, and jacks are designed t* 
be loosened, moved, acd s^=t 
with the least possible ef[o«r-t 
and loss of time as the machia- < 
advances along the face of U»-^ 
coal. The steel cable d pass^ s 
from the drum c around A 
grooved pulley fastened to ^ 
jacking post in advance of ll»--* 
machine, and then back to 'im- e 
hook /, as shown. The ratch^^t 
is provided with an adjustabB-e 
mechanism by means of whic=^^ 
one, two, or three teeth an 8 
taken up at a time, thus varyin— A 
the speed of feed. If necessac 7 
at any time to stop the fe^-^ 
^ without stopping the cuttiM. £ 
£ disk, it is accomplished by (1^* 
same mechanism. 

As shown, the machine is*-^ 
a position to advance towac"^ 
the right. That part of the c«- "*' 
ting disk nearest the observ^^^ 
rotates from left to righ ■*■" 
When advancing toward tt»-^ 
left, the cable is carried fro*:'^*^ 
drum c under guide rollers ''^^1 
neath the machine and arouo- 
a grooved pulley fastened to ^ 
jacking post and is then attache*^ 
to the machine frame at th^ 
left end; the cutting tools ar^ 
reversed in their holders an^ 
the engines are reversed, caus- 
ing the cutting disk to rotate io 
the opposite direction. 



;S46 COAL-CUTTING MACHINERY 35 

The machine parts are protected from falling pieces of 
roof by a large sheet-iron cover hinged on the air-supply 
pipe e- 

CUTTKR-BAB MACHINES 

36. Th*" Lee long-wall luachliie. Fig, 22, is a com- 
pact self-propelling machine worked with ease along a 
jagged or circular face and over an uneven floor, as the 
cutting arm a can be raised or lowered as desired. The 
track on which the machine runs consists of two raits b c 
made of angle iron tied together so as to make a solid track; 
the rail b nearer the face of the coal is notched and the other 
plain. The machine is propelled by means of a suitable 
toothed wheel d meshing with the notches of the notched 
rail. The cutter bar a is a shaft 2i inches in diameter at 
the machine and la inches at the other end, placed at right 
angles to the machine and rotated by the motor as the 
nia.cbine proceeds along the track. On this shaft is wound 
* Spiral band containing forty-two projecting teeth, so set " 
t'la.t one-fourth of the teeth are cutting and three-fourths 
°i~^ai:ing the coal as the machine advances. The height of 
1*^ cut with this machine is about 4 inches, and the cuttings 
*^^a part slack and part nut. 

CHAIN MACHINES 

^87. The Goodman type of long-wall machine, Fig, 23, 

^* insists of a steel frame about 7 feet in length and 32 inches in 
'""^-<dth. The side a. which is finished smooth, slides along the 
*-*^e of the coal, and the bottom is supported on steel shoes. 
^^*- the middle of this frame is an electric motor, whose arma- 
'*^^*Jre shaft extends lengthwise of the machine and is geared 
*t one end to a sprocket that drives the cutter chain b around 
*■ steel cutter arm c extending at right angles to the frame. 
*^\jree lengths of cutter arms are furnished with this machine 
to undercut the coal 38, 44, or 60 inches, as desired. The 
I Harrow cutter arm is carried on a swinging frame, and by 
tneans of a lever can be tilted in its width, up or down from 
the horizontal plane to enable the chain to cut over or under 
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any hard obstruction that may be encountered in the coal. 
A cable-winding drum d, at the other end of the machine from 
the cutter arm, is operated from the motor, by a ratchet lever 
and cam attached to the shaft of the driving sprocket. This 
drum winds up a wire cable e, one end of which is atiache^ 
to the end of the frame of the machine at/ after passiag 
around a sheave g fastened to a jack some distance aheacS. 
By this means, the machine is propelled along the face. Ho 
starting to undercut, a small jack-screw placed against tbesic3le 
of the machine at the cutter-arm end, forces the cutter ar *n 
under the coal, where it is retained by the action of the bit:^ »- 

> rails are necessary to keep this machine in position and '* * 
can be handled when the timbers are 3 feet from the face. 

A special form of this machine, differing principally t:^**^ 

being somewhat shorter, broader, and lighter, is also buS-**' 

for use where the room-and-pillar system is employed am^^*-' 

timber set close to the face. This form of machine can t^::^** 

' operated when timbers are as close as 6 feet from the fac ■^^■ 

88. For working the block system in long-wall minium ^ 
where parallel headings give from 200 to 400 feet of fac^ -^^i 
R reversible long-wall machine is made. This machine, -i*^ 
design, is exactly the same as that shown in Fig. 23, exce iX^* 
that It has an extended frame on the cutter-arm end on whi^^^^fc 
ftre rollers. When the face has been cut across, the shea^ve 
ll anchored in the opposite end of the room and the feedi«r3^ 
cable carried around the machine, over the rollers, throug'fi 
the nheavc, and hack to the machine in the usual m. 
Then, by reversing the motor, the machine is fed backwards 
iTinklng the cut in the opposite direction from the first out. 
The extended frame serves to hold the machine in position. 

In the use of this machine, a truck is rarely needed except 
wliitri the machine is taken from one section to another. The 
innrhliic undercuts from 3 to 5 feet deep. 

110. The Morgan-Gardner loDK-wall macblne, 

I'lK- 'i\, consists of a cutter arm a about which a chain I 
ImvU. the cutter arm being located at right angles to thej 
limlri body of the machine. The cutter arm is swung ] 
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means of a cable b^ running through a sheave f, to a reel^ 
operated by the device shown at Cy which connects it with the 
motor; by this same arrangement, the machine is fed for- 
wards automatically along the face. This machine, in princi- 
ple, is not much different from the one just described, except 
that it moves along the face of the coal on a track instead of ' 
on the floor of the coal; the device for operating the cable- 
winding arrangement is peculiar to this machine. It can be 
operate(J where props are from 3 to 4 feet from the face, 
weighs about 3,000 pounds, and undercuts from 2 to 6 feet 
in depth. 

40, The Sullivan longr-wall machine differs but little 
from the machine shown in Fig. 10, the principal difference 
being that the cutter arm is placed at right angles to the 
machine, and is so arranged that it may be swung in line 
with the machine, for convenience in loading on a truck, or 
to change the bits. The machine slides on a steel shoe and 
is fed along the face in the same manner as described for 
the machine shown in Fig. 10. 

41, Capacity of Long- Wall Machines. — In the use of 

long-wall machines, a record has been made of 500 lineal 
feet of coal, cut 6 feet deep, in 10 hours. This is an unusua-l 
record, as a long-wall machine under ordinary condition^ 
will not average more than 400 lineal feet. In a seam 4 fe^^ 
thick, a length of 400 feet, cut 6 feet deep, makes approjd* 
mately 280 tons of coal, which would be the average outpt:'-^ 
of a machine per shift of 10 hours; but under unfavorable 
conditions the output will, of course, be much less. 



HANDLING AND OPERATING CHAIN MACHINE^ 

42. Getting the Maeliiiie to tlie Mine. — Skill aa^ 
care are needed in moving a chain coal-cutting machine frorJ"^ 
the railroad cars to the working face in the mine. To accon^- 
plish the work quickly, with the least effort, and to avoi 
accidents to the machine, proceed as follows: Suppose th 
machine to be in the corner of the car with the cutter frami 
toward the doors; the runner takes a short bar hold in front 
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raising the machine enough to allow a helper to place a 
roller under the front end, in a diagonal position, so that the 
machine will travel sidewise to the center of the car. The 
runner and helper now both get short bar holds, not in the 
rear of the machine, which seems commonly to be the first 
impulse, but as near as possible to the end toward the direc- 
tion in which it is desired to move the machine; they now 
throw the machine forwards and toward the center of the car. 
Here, by using a roller as a pivot and placing the bars on 
the side toward which the machine is to be moved, it is easily 
turned out of either door as desired. In handling the 
iBachine, from 1 to 5 minutes will be saved by placing the 
roller as described and throwing the machine forwards and 
sidewise at the same time. The machine truck having been 
tinloaded and placed on the nearest mine track, the machine 
is hauled there and loaded on the truck to be taken into the 

43. Loading Machine on Truck. — The runner raises 
toe windlass end of the truck and pushes it forwards until its 
front end is imder the motor end of the machine, keeping 
ttie truck on a straight line with the side bars of the machine. 
Ttje helper now attaches the truck chain, which he has 
Unwound from the windlass, to the rear cross-rod of the 
iioiiiing machine, and the runner, by operating the lever of 
,^G windlass, drags the machine on to the truck, while the 
helper, with bar in hand, prevents any binding by steering 
itt*e machine on a straight course. The reel, skids, bars, 
[ tools, etc. are then placed on the machine and transported 
to the nest point where the machine is to be used. 

44. Betting Bits. — The bits should be set and the 

iQachine tested under current before it is taken into the 
■'"ne. Setting the bits is a very important part of the opera- 
tion ot a chain machine; much lime can be saved if the 
helper starts on the 'left side of the machine and inserts the 
bits around in the chain, while the runner follows with gauge 
>nd wrench to set and tighten them. When the helper has 
^^^ all the exposed part of the chain, he gives the spanner 
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» few strokes, which carry the bits already set by the mimer 
back under the motor and bring the empty lugs out at ihe 
other side; he fills these, and then with a wrench helps die 
runner to finish by tightening the bits as they are gauged- 
All the bits or cutters should be set absolutely to gauge. 
The importance of this can be seen when it is explained 
that one cutter protruding farther than the others workinc io 
the same plane will do practically all of the cutting in this 
plane. This causes an undue jar and strain on the parts of 
the chain supporting this cutter, because it is doing the work 
that would be distributed among a number of cutters if all 
were set evenly to the same gauge. Particular care should 
also be taken to screw the selscrews down tight on the cut- 
ters to avoid their shaking loose and getting lost. Careless- 
ness in this respect may cause unnecessary breakage andloas- 
The wiifi of a running flexible cham has a tendency to j^»* 
and loosen every part of the machine. 

45. Testing. — With each machine is furnished a re ^' 
containing from 100. to 200 feet of double waterproof cabl ^■ 
On either end of the axle of the reel are holes for receivic^E 
the plugs of a short piece of double cable, as shown ^^° ■ 
Fig. 14, which connects the reel with the mining machin ^' . 
The machine runner steadies the reel, while the help^ ^■ 
taking hold of the ends of the long cable, runs to the fee*^' 
wire on the entry, unwinding the cable from the reel as t»fl i 
goes; here he connects the terminals with the two feed-wire ^' ,' 
When the reel ceases unwinding, the runner connects lt>* 
machine by means of the short piece of cable. The mnn^' i 
should be careful to glance at the switch handle of the star"*' 
ing box before inserting a second plug in the reel to be su^* | 
it is on the off-position. 

After oiling the machine, the brushes of the motor al** j 
examined to see that they have a good contact with theconT*" 
mutator. Any chips or dirt that may have lodged on o' 
about the commutator should be removed, especially nail* 
or chips of steel, which might cause considerable damage ** 
unnoticed. Before starting, the runner should examine tl»* ' 
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lia and satisfy himself that the cutters will clear all 
tiind. He then takes a position behind the motor, with 
helper on the left side of the machine, toward the front, 
3., with his right hand on the starting-box switch and bis 
t hand on the machine feed-lever, he slowly turns the 
itch over until the machine starts, and if everything moves 
ely, he throws the switch on full. The switch should never 
left in any other position than "full off" or "full on," It is 
11 to allow the machine to run several minutes in this way, 
3 then, by blocking up the front of the truck, the runner 
1 throw in the machine lever and run the machine out a foot 
two and return it again by way of practice. This test of a 
W machine is not a waste of time, as it will not only reveal 
y injury that may have been received while the machine 
s in transit, but also give the men who are to operate It a 
od daylight view of its working. 

16. Taking; tbe Machine Into the Mine. — At a slope 
drift mine, the machine, loaded on its truck, is hauled 
o the mine as any mine car; but at a shaft mine it must 
lowered on the cage, or in case the cage is too short to 
Id it, the machine should be swung below the cage and 
cefully lowered, end down, into the mine. This operation 
luires great care. 

Two strong log chains should be used for swinging the 
ichine below the cage. There should be at least three 
-i> on top and three below, each with a crowbar, to receive 
i machine at the landing. The cage is raised above the 
iding and three or more stout timbers placed across the 
aft; these should be long enough to overlap w^ll on each 
le of the shaft, and at least 6 feet on the side from which 
a machine is received. From the truck, the machine is 
loaded on to the timbers, and, using small rollers not more 
an 2 inches in diameter, is run forwards until the motor is 
~ectly under the center of the cage, with the cutter end 
tending in the direction the machine is to take on the road- 
ly when it reaches tbe bottom of the shaft. This is impor- 
at, because, when the machine reaches the bottom and is 

!«— 19 
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palled out on the track, it will assume the proper position on 
the haulafifeway with its front, or cutting: end, toward the 
working face, and it will not be necessary to turn it around 

When the machine is properly placed, a piece of rope about 
15 feet long is tied securely to the center of the cutter head 
and allowed to hang loose. The two log chains are then 
passed down through the machine in front of the motor an<3^ 
brought back underneath, so as to hold both the stationar^^ 
and sliding frames from slipping when hanging in the shafi 
The cage is then lowered and the ends of the chains securel: 
fastened to the cage platform. When all is ready, the cag 
should be slowly and carefully raised, the machine beinj 
steadied by holding the loose rope until it finally hangs belo^ 
the cage in the center of the shaft. Bars may be used at th_ ^ 
cutter head to pry this loose in case it gets caught while th^ ^ 
machine is being raised. 

When the machine has cleared the timbers, these ar^< 
removed and the cage slowly lowered until the cutter head m s 
within a few feet of the lower landing, when it should h>^ 
stopped. Heavy timbers should be placed across the she- ft 
at this landing as above. The men below now seize the rop>^ 
attached to the cutter head and pull this end of the machine 
out into the landing, the cage being again slowly lowered, acL^l 
the machine allowed to settle on to the timbers provided t:o 
receive it. The chains are now removed and the machine is 
moved forwards clear of the shaft. The truck is lowered ii^ 
practically the same manner as the machine. 

47, Operating the Machine. — The machine, mounted 
on the truck, is hauled to the working place where it is to 
be used. On the truck are loaded skids, on which the 
machine is slid from one side of the room to the other wheo 
cutting, reel, tool box, jacks, blocks, rear jacks, etc.; these 
are unloaded by the machine runner and his helper. The 
skids are placed parallel to the working face and at such 
distance apart that one will come under the forepart of the 
machine while the other is under the motor. Much time and 
hard labor are saved by arranging the truck, blocks, and 
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oilers so that the machine may be moved in the most direct 
Banner possible to the left-hand corner of the room, where 
ie work of cutting is to begin. To do this, the front of the 
ruck is first slewed to the left, and a block placed under it 
ast high enough so that when the machine is started forwards 
Qd its weight comes on the block it will Up the truck 
ightly and carry the machine forwards on two or three 
"operly placed rollers, as near as possible to the desired 
>sition in the comer of the room. Where the track is 
moved some distance from the left rib, or where the floor 
tches to the right, or where the floor is rough, wet, or soft, 
e machine may not move thus the whole distance to the 
>; but some distance will be covered at least, and much 
avy work with the bars saved. 

48." The Rib Cut. — In making the first, or rib, cut with 
iiachine of the breast type, it is well to square the machine 
th the side of the rib, or as near this as possible in order 

preserve a straight, smooth rib. 

The helper always works at the left of the machine when 
is running, except when making the first cut, when there 

Tiot space enough between the machine and the rib to 
-eive the shovel for cleaning away the cuttings; he should 
in take a position either in the rear or on the right side of 
a machine. 

^9. Placing the Stlds. — When the machine is in place, 
a runner raises the rear end with a bar while the helper 
■ its the skid as far to the right as he can; this will permit 
e machine to move to its next position, for making the 
Cond cut, without again placing the skid. It is also impor- 
nt to place one skid as far toward the rear of the machine 
1 possible, to avoid the bending effect that is exerted on the 
lachine when the skid acts as a fulcrum, with the weight of 
ie machine on one side and the downward pressure of the 
ear jack on the other; Fig. 25 shows the correct position of 
lie machine and the two skids on which it rests. The second 
tid is placed in line with and overlapping the first about a 
)Ot. At this point, some runners place a block or wedge 
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under the left side of the machioe m the rear, to hold it more 
securely against the lateral pressure or kick of the cutters u 
they advance into the cut. 

50. Setting the Jacks. — In setting the jacks, the helper 
throws the front jack forwards to the face to mark the loca- 
tion of the jack -hole. He then turns the jack out of the way, 
and cuts away any loose or projecting coal at the place 
marked, and makes a pocket in the face to receive the jack, 
which is now swung back and firmly screwed in place. The 
wire connections are then made as before described, the run- 
ner m the meantime settmg the rear jack This is raised 




against the roof, to mark the location of the hole, which is 
then cut and the jack screwed firmly in place. After Ihe 
machine is oiled and the connections made, the work of 
cutting is begun. The runner starts the machine and watches 
it closely until it has completed its cut. Where the machine 
is not provided with a front trip to prevent the sliding frame 
moving too far out, care must be taken to properly gs'^Z^ 
the travel of the frame, that the machine does not "nm 
through herself" and break some part. Under favorable 
conditions, the cut is completed without further effort on the 
part of the runner, but when there are sulphur balls in the 
coal or timber to work around great care is necessary, 

51. ObBtructlons to Cutting.— As shown in Fig. 26, 
the machine may be started at a. near the floor line of the 
coal, and when in but a short distance it may encountei B 
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sulphur ball s and have to be withdrawn, jacked tip higher, 
and started again, with possibly the same experience. The 
trouble does not end here , for after the room is cut the miner 
often has to be paid extra for taking out the bottoms left by 
I the machine. 

52. Some of the difficulties of working among timbers 
are shown in Fig. 27. The usual cuts at right angles to the 
face are shown atfi,ii,iz; but to cut around the prop 6 two 
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oblique cuts c,c have to be made, leaving; iprags, or uncut 
coal, at d,d,d. These make shooting very difficult and a 
great deal of slack results in the coal. 

53. Machine Troublea. — There is a peculiar rhythm 
of the running parts of a machine in motion, with which the 

on becomes familiar and develops a sense of its 
The change of sound from high to low voltage is 
easily recognized, and the click of a broken cog, or the rattle 
of a loose joint is quickly detected. The recurrence of en 
unfamiliar sound in the running of the machine should at 
once be investigated to avoid a serious break. If the trouble 
is beyond the power of the runner to correct, he should 
report it to the machine repairman and receive such assist- 
ance as he requires to remedy the trouble. 

54. Expert Practice. — After a runner and helper 
become thoroughly experienced in the use of a machine, in 
favorable places part of the time while the machine is making 

I the cut can be utilized in preparing for the next cut; and in 
< this way some record runs are made by experts. As soon 
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as the machine is well under way, the runner determines 
about where the next rear jack-hole will come, and has tta^ 
cut made and ready for receiving the jack by the time tl^^ 
machine has finished its cut. The helper can also sto^> 
shoveling when the cut is about two-thirds in, and, taking hi^ 
pick, start to square up the face and make the front jac^^- 
hole for the next cut. Completing this, he loosens and throiir^as 
back the front jack, and has his bar under the comer of tli.^^ 
cutter head, ready to shift the machine over as soon as tli.^^ 
cutters clear the cut. Now, throwing his weight on the hi 
the cutters still running are raised and brought in cental 
with the solid wall, against which they act to assist the m^: 
in shifting the machine to its next position. To do this, am.< 
to give the runner more time to shift his end, the machira.^ 
is kept running continuously, from start to finish of a plac^ 
As the machine clears from the cut, the runner loosens 
rear jack and swings it out of the way, or lays it on tti.^ 
floor ready for the next set. Taking his bar, he thro^^s 
the rear end of the machine when the helper starts to thro"*^ 
the front end. In this way, the machine is moved even 3^ 7 
without binding. The same process is repeated for eac^^ 
succeeding cut. 

When a room or place is finished, there should be no del^^V 
in returning the machine to a position for loading it on tfc^^® 
truck with the tools, skids, etc., ready to be hauled to the ne ^^^^ 
place. Each one should have a care in regard to the wayfc=^® 
uses his bar, that he may not neutralize the efforts of l^»-^s 
mate through a too ambitious throw, thereby wasting tinm c. 
The thickness of the seam greatly influences the ease wL ^ 
which a machine can be handled; and in a very thin seam ^^ 
is sometimes advantageous to have three men to handle ^ ^' 

55, Care of Tools. — Much time is lost in hunting toT 
tools that are laid down where last used instead of being 
put in their place where they can be readily found when 
needed again. *'A place for every tool, and every tool in 
its place" is a good maxim in mine work. There are cer- 
tain tools, as bar, jacks, etc., that may properly be left on 
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tte floor where they will be required for use, but wrenches, 
iammers, and other small tools should be laid aside in one 
P'ace when not in use. A pick or a shovel should be stood 
^arainst the face where it will be needed. If these precau- 
tions are not observed, the work will be much delayed, and a 
"displaced tool may cause a serious break in the machine by 
''^ing caught in the chain or other moving part, or may be 
I cc»-^gi.g^ jjy tijg cuttings and lost. 

66, Division of iLabor. — In the operation of the 

' "^^chine, the runner and the helper should each have his 
^'"'^rit to perform, and should understand what are his par- 
^*C:ular duties. .While the entire machine is in charge of the 
^"*Anner and the helper is subject to his orders, there is less 
^Cinfusion and loss of time when each man knows his duties 
^»]d performs his proper work. In general, the motor end of 
*Vie machine is in charge of the runner, while the cutting end 
Should be looked after by the helper. Confusion in this mat- 
ter causes delays and prevents attainment of the best results. 
Dutks of Runner. — A runner's duties, in a general way, 
tuay be stated as follows: (1) starting the machine from 
the truck; (2) placing and operating completely the rear end 
of the machine; (3) placing the rear jack; (4) connecting in 
the short cable; (5) cleaning the commutator; (6) oiling 
the motor and machine; (7) starting up the machine; (8) 
reversing and stopping it; (9) tightening the cutters in the 
chain; (10) general charge of machine repairs, under super- 
vision of machine repairinan. 

Duties of Nelper.—Ths helper's duties, subject to the 
direction of the runner, are: (1) general charge of the bits; 
(2) placing same in the chain; (3) placing and operating the 
front end of the machine; (4) placing the front jack; (5) 
shoveling back the cuttings from the machine; (6) making the 
circuit connections of the long cable; (7) assisting in repair 
work as directed by the runner and machine repairman. 

67. Operatlug; tlie Chain Sliearlng Machine. — The 
Operation of the chain shearing machine differs from that of 
the chain breast machine only in that the shearing machine 



50 



COAL-CUTTING MACHINERY 



S« 



^ 
^ 
^ 



makes a vertical cut from top to bottom of the coal along 
one of the ribs, while the chain breast machine cuts along the 
bottom of the coal or near the bottom, in the plane af the 
seam. 

58. Operating the Long-Wall Machine. — The long- 
wall machine cuts continuously along the face of the coaL 
There are usually two men required to run this machine, 
sometimes three. The machine runner's duty is to have 
charge of the machine, to regulate and control the speed of 
the machine and the cutting wheel, chain, or arm, as it may 
be, in its progress along the face of the coal. The helper's 
duty is to take care of the cuttings, cable, etc., to assist in 
placing the rail and jacking it securely in place, when the 
machine is of the type that runs on a rail, and to perform 
any other duties that are needed. 

THE STANLEY HEADER 

59. Id the Stanley bender, Fig. 28, the driving and 
the feeding mechanisms are placed on a massive frame a that 




is mounted on wheels. When the machine is in place ready 
to commence work, it is held fast by the top jacks d, b and 
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ie ones c, c. At the end of the main shaft s, an atieer 
placed for the purpose of steadying the cutter frame 
the machine is working. The cutter frame consists of 
■ large revolving cross-head k carrying two arms /, /, in the 
ends of which the cutters or bits are set. The driving 
mechanism is so constructed that different rates of speed of 
the cutter frame can be produced as desired for a given rate of 
feed advance, on coals of varying hardness. As the main 
shaft rotates, it advances, turning the cutter frame. The 
biis cut out an annular groove from 3 to 3i inches wide, 
'onning a complete cylinder of coal as deep as the arms /. 
"hen this is done, the machine is run back and the coal is 
*sken down and loaded up. The machine is again set in 
place and another cylinder cut out. 

The cuttings are forced to the front of the annular groove 
•^y the scrapers on the arms /, and from here they are raked 
*o one side of the machine by a helper whenever the revolv- 
ing arms are not in the way. Lumps of coal that fall 
from the face are also drawn to the side by the helper, and 
finally loaded into a car. In many of these machines, how- 
ever, the cuttings and the coal that falls while the machine 
is working are taken from the face by a friction worm and 
loaded into a mine car by means of a conveyer or elevator. 
The principal use of this machine is for entry driving, 
where the work must be pushed rapidly. It is especially 
advantageous for prospecting a piece of coal, as an entry can 
be driven a long distance as a single entry, and with no other 
ventilation than that caused by the air used by the machine. 



60. Capacity. — The Stanley header can cut out a cyl- 
inder of bituminous coal 4 feet in diameter and 5 feet in 
length in 15 minutes, and after making the necessary allow- 
ance for removals, a rate of advance equal to 75 feet per 
shift of 10 hours is accomplished. Where it is necessary to 
drive wide entries, two machines may be worked side by 
side, thus driving two parallel entries that nearly intersect 
each other. The thin pillar left between them can easily be 
cttt out with a pick. If the coal could be removed as quickly 
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as the cutting is done, the machine could advance an entry 
12 feet wide 25 feet in 10 hours. The entries thus cut can 
be widened out to the desired height and width by the use 
of the pick. Impurities, such as sulphur balls, existing in 
coal hamper the use of the Stanley header, and when they 
are present its progress cannot be as favorable as in coal 
favorable to mining. An average cost per lineal foot of 
entry for a cylindrical cut alone should not exceed 25 cents. 
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UNDBRCnTTINQ PICK MACniNBS 

61. General Features. — The general appearance of 
and the method of operating pick mining maeliliies are 
shown in Fig. I. The construction and mode of action of 
these machines differ entirely from the chain machines I 
already described. With the chain cutter and long-wall 
machines, either electric or compressed-air power may be | 
used, although electricity is the more common. Bat though 
many attempts have been made to build pick machines 
operated by electricity, at the present time very few of 
these are in use. The general construction and action of 
the pick, or puncher, machine is similar to that of the rock 
drill operated by compressed air. The features that are 
commoQ to all pick machines are a heavy piston about 
4 iitdies in diameter, usually provided with split piston 
nags and attached to a piston rod on which the pick is 
fastened either directly. Fig. 30, or by means of a pick 
extension. Fig. I. A heavy piston rod and pick are neces- 
sary becaose the energy of the blow simck by the pick 
d^teods on the weight of the moving parts as well as the 
air pressure on the piston. The essential point of diffeieace 
in the several makes of pKk machines is in tbe valve. 

63. The iB^rersoll-^eiveMnt pick nuu-hlne, Vig, 29, 
consists of a bea\-y piston « aboct s> incfaes in diameter pro- ' 
vMed with split piston rin^s t. i and attached to tbe piston 
rod t. The machine rests on tbe wheels e and is controlled 
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by the handles /. The main slide valve g is practically 
D valve, which is operated by the valve A, the ends of whidi 
are turned to form single-action plungers j about 2 inches 
in diameter. These plungers fit into cylinders and form a 
spool valve, and by the air being admitted to these cylixa.- 
ders alternately through the passages k, the valve g is 
moved and hence the piston a. There is a second D valve ^, 
called the auxiliary valve, with an almost exactly simil^ti 
double-ended plunger arrangement, the two plungers « 
fitting into two more cylinders. The ends of these cylinders 
are connected, by snia!! passages o, o' to the air passages, to 
the main power cylinder p. The passages 0,0' cross ov^r 
so that o connects with the front, or right-hand, passage to 
the main cylinder and o* to the back, or left-hand. Conse- 
quently, when live air is admitted to the front, or right-han<3> 
end of the main cylinder, some of it escapes up o and, actia S 
on the end of the plunger «, forces the auxiliary valve / t.<* 
the right. This admits live air through the passage k to tt».e: 
left, or back, of the plunger /' of the valve h and mov^s 
the valve g to the right, admitting live air to the mai*^ 
cylinder^, and forces the main piston a to the right; at tfa^ 
same time, some live air escapes up 0' to the piston n o^ 
the auxiliary valve / and reverses the valves / and g, which it» 
turn reverse the motion of the main piston, and so on. Tti^ 
ports and valves are so arranged that it is impossible to 
center them, regardless of their respective and relative 
positions, and the whole form what is known as a relay 
mechanism. The left-hand, or back, port of the main valve 
is larger than the other, and therefore the forward stroke is 
more powerful. The exhaust air, which moves the auxiliary 
valve /, passes two little valves g,q, one for each of the two 
plungers n. By means of these adjusting valves, the oper- 
ator can regulate the rapidity of the movement of the 
auxiliary valve, and hence also the movement of the main 
valve. When the auxiliary valve / moves, it immediately 
opens one of its ports and allows air under pressure to move 
the main valve g, and this, in turn, admits full pressure oi 
air to the main piston a. The result is that, no matter how 



§45 COAL-CUTTING MACHINERY 55 

slowly the auxiliary valve moves, when the main piston 

does move, it does so with a full and powerful stroke. This 

eaables the operator to reduce the number of blows per 

minate, but the force of each blow is in no way diminished. 

To prevent the piston knocking against the cylinder heads, 

a cushioning arrangement is provided as follows: The 

ports r, J open into the cylinder comparatively close together 

along the line of stroke, while those marked /, u open into 

the back end of the cylinder a considerable distance apart 

along the line of stroke. When the piston a, moving toward 

the back of the cylinder, passes the port u, the air is trapped 

and compressed in the end p of the cylinder, the port i being 

Closed by the valve v operated by a spring, and the cushioning 

sir is retained until the piston a is thrown forwards by the 

Expansion, and the pressure in /is reduced below that of the 

live air, which then opens the valve v and, entering through 

^^ port t, forces the piston forwards, thus opening also the 

port u; and the piston is driven forwards with full force. 

The exhaust ceases when the piston a closes the port s in the 

"Out portion of the main cylinder; the pressure then rises in 

that end, but before the piston completes its stroke the head 

"* the main valve ^ permits the live air to enter the passage 

"*a.t connects through the port u'. To reach this port, the 

^^ must lift a small valve x against the pressure of a spring 

"1(3 the cushioning pressure in the cylinder, and as this can 

take place only when the cushioning pressure is low, live air 

*^ Got admitted until the back stroke has partly proceeded. 

*■*> on the other hand, the cushioning pressure is very high, 

^^1 for example, when the pick misses the coal, when it may 

^e 200 to 300 pounds to the square inch, this pressure lifts a 

I Small valve y, called the governor passage valve, and is trans- 

mitteil through the passage -w to the governor valve s and 

moves it against a stop s', which can be so adjusted that the 

valve will partly or entirely cut ofE the main air supply. The 

stop y can be set at any desired point to automatically cut 

off any fractional part of the air during the time the pick is 

not cutting coal, and the machine will run lightly and at a 

reduced speed and force until such time as the pick is again 
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thrown against the coal, at which time the governor valve 
automatically opens and the machine is brought into action 
with full pressure and force, without any annoyance or incoa- 
venience, and introducing an element of safety aud couSdence 
for new men learning the work. Experienced men who swing 
the machine or the pick away from the coal less frequently can 
throw this governor out of gear so that it becomes inopera- 
tive, if they so desire. The whole arrangement is simple 
and entirely automatic. The throttle device, therefore, can 
be opened wide and left so during a whole running period 
with the assurance that the governing valve will take care of 
the supply at all times and under alt conditions. 

As the movement of the valve is controlled by a permancDt 
arrangement of the ports, admitting and exhausting pressure 
alternately on both ends of valves arid pistons, this arrang"^" 
ment of ports and valves makes it an independent movemen*. 
and the piston can be blocked in the cylinder at mid-travel 
without aSecting the valve, which will run on continuously'' 
admitting and exhausting in the same maimer as if the pis:c» o 
were moving in harmony with it. 

63. Plcts. — The style of the pick used in this machir*© 
is usually that of a steel shaft, octagon or round, tapers *^ 
at one end to fit the socket in the extension. The oth^^*" 
end is flattened and swaged out in the center on one sid^^» 
the center being cut out in the form of a V, leaving tirx-^. 
shaft with double points. The swaging and flattenin» I 
are all done on one and the same side of the pick, ai^<^ 
in moderately soft coal care should be taken that the pic^^^ 
points — when dressed, squared up, and tempered — are line<' 
with the machine piston rods, with the points from i to I incli 
off the center line of the piston rod. In very hard coal, it is 
necessary to flatten both sides of the pick, bringing the points 
nearer the center line of the piston rod. The picks shouW 
invariably be dressed up to a cutting edge in the crotch, and 
the two points dressed square, in the same manner as a 
miner's pick, except that they should be made larger in order 
to stand the heavy blow of the piston. It sometimes bappeni 
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) that the pick points break frequently in starting a new 
machine plant, especially where there is considerable sul- 
phtar, black jack, pyrites, etc., in which case it is recom- 
mended to temper the pick points in black oil. This can be 
easily accomplished by making a box 12 inches high, 8 inches 
wi<3e, 2 feet long, kept half full of black oil, in which 
all the picks stand on the point after being given a cherry- 
red heat. 

Although the common double-pointed pick is the one most 
commonly used, it is sometimes necessary to change the 
skape of the picks in order to meet the conditions; but this 
can only be accurately determined by repeated experiments 
made by experienced men. It is customary to use the 
double-pointed pick for shearing; but when used for this 
purpose, the points (when the pick is socketed in the exten- 
sion) are set homontally and parallel with thewheel trunnions 
f9at side up) instead of vertically, as is the case when under- 
cutting. A four-pointed pick is sometimes used for shearing, 
^Specially in backing up a cut where there are sulphur and 
S'ate bands to cut through. 

Blacksmiths should be careful, when sharpening picks, to 
*^e that the points are spread far enough apart to insure 
Perfect clearance; otherwise, if the coal is tough or woody, 
^® pick will stick in the coal and cause trouble and loss of 
"'^e to the machine runner. The better and nicer a pick 
Point is dressed and tempered, the more coal it will cut before 
" Comes back to the blacksmith. 



64. The Harrison raining; machine differs from the 
**Sual type of pick mining machine principally in the valve 
*llat controls the entrance of the air to operate the piston to 
^hich the pick is attached. Fig. 30 [a) shows a vertical sec- 
lion of the Harrison machine partly in perspective; Fig. 30 (i) 
is a plan of same; Fig. 30 (c) is an enlarged view of valve 
and air passages shown in Fig. 30 (b); Fig. 30 (rf) is a 
perspective view of the rotary valve; Fig. 30 (e) shows an 
arranECuient of air passages imder Fig. 30 (.d); and Fig. 30 (/) 
shows details of parts. 



60 



COAL-CUTTING MACHINERY 



SU 



Referring to Fig. 30 (a) and (*), the air enters the machine 
throagh a valve a in the side and passes into a duct^ runninE 
from one end of the machine to the other; it then passes 
into the spaces c at the ends d of the piston valve, from 
which it is admitted to the main cylinder <* through the 
ports /and^. The air exhausts from the cylinder e through 
the ports A and /, into the central chamber i, where is 
located the crank-movement by which the piston d is op«- 
ated. In some forms of this machine, a D slide valve of 
the form shown at u>. Fig. 30 (/), is used to control tbe 
admission of air to the main cylinder e instead of a piston 
valve. This crank-movement is connected to the piston d 
by a connecting-rod /, shown in detail in Fig. 30 (/), and 
is operated by a three-winged rotary engine. Fig. 30 (i), 
(c). (d), and (e), spoken of hereafter as the rotary. 

The air for driving this rotary comes from the duct i up 
through a small port »«,?«, Fig. 30 («), {b), and (c); it then 
passes under a throttle screw o to a point n. This throttle 
screw o is to enable the operator to regulate the amount of 
air passing through the rotary. From the point n. Pig. 30 [h) 
and ((), the air passes up into and through the rotary cover, 
to the points;* and p' , Fig'. 30 (b) and (c). which are the two 
intake ports of the rotary, Fig. 30 (d'). 

The central disk q of the rotary has depressions counter- 
sunk in the top side, as shown in Fig, 30 (rf). At one en^ 
of each of these depressions, a port r passes down aboi»* 
half way through the disk, then out through the side, goin^ 
out back of the gates or wings s as shown at s. Fig, 30 {li • 
Whenever the depressions in the disk come under the points^ 
and //, the air enters them, passes down through the disk by 
the ports r and goes out behind the gate or wing s, thus 
forcing the disk around, as the air pressure will always be 
acting on two of the three wings. The exhaust from the 
rotary is through the bottom of the rotary chest at poiolsx, 
Fig. 30 (e), which are in the lower cover directly under the 
points y. Fig. 30 (rf). When the gates pass these poiots, 
the air passes out through the lower cover through ports ;i:i 
shown in Fig. 30 {e). In passing out, the air passes under 
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ffier regulating screw, called the rolary throUJe screw t. 
r. 30 (b) and (e), and by screwing this down the exhaust 
1 be choted and the speed of the machine partly regulated. 

the center disk ^ is a solid casting, it acts as a flywheel 
i gives an even motion to the valve action and prevents 
; tendency of the machine to run faster, or race, when the 
k [nisses the coal. 

The gates s of the rotary are forced out by air pressure, 
□m the intake port to the rotary at a point w, Fig. 30 (i) 
3 (f), the air is admitted to the depression », Fig. 30 (c) 
3 (rf), running around the disk q just back of the gates i, 
3 keeps them forced out at all times. In the bottom of 
■ disk q are countersunk recesses equal to the depressions 
mtersunk in the top of the disk; the air is admitted into 
se through the disk and back of the rotary gates. This 

balances the disk and largely does away with friction 
both top and bottom of it. 

iS. The Sullivan pick'maRhine is shown in section in 
. 31 (a), while the levers for regulating its speed and 
'ke are shown in Fig, 31 (^), The operation of the Sul- 
n pick machine is as follows; The piston 1 works iu the 
nder 2 and is provided with spring rings 3; the piston 
J is packed at the front end by the leather 5 and passes 
>ugh the bushing fi, which can be replaced when worn 

which is drilled with oil boles to admit oil from the reser- 
' 7; 8 is a plug that can be removed to fill the reservoir. 

front end of the piston rod passes through the babbitted 
le 9, and as this part of the piston rod is square, the 
on is prevented from turning. The air chest 10 con- 
s two valves: a modified flat slide valve 11 that controls 
admission of air into the cylinder 2 by separate admission 

exhaust ports, and a differential piston 12 that operates 

valve 11. 

1 the sectional view, Fig. 31 (a), the piston is near its 

erae travel to the left, the valve 11 is at extreme left 
ition and air under pressure is being admitted from the 
chest 10 through the inlet port 13, thus driving the piston 



COAL-CUTTING MACHINERY SSl 



COAL-CUTTING MACHINERY 



xls. At the same time, air is exhausting into the 
laust chamber 15 through the port 14, which has two 
inings into the cylinder 2. 16 is the exhaust port for the 
;k end of the cylinder. 

Che admission port 17 for the front end of the cylinder 
meets through the governor valve 18 and the port 19 to 
: air chest 10. 

When the valve 11 and the piston 1 are at the extreme 
ht, the exhaust port 14 is closed and compressed air enters 
i admission port 19 through a port in valve II. The air 
sssure in J9 then raises the governor and the air passes 
■ely to the front end of the cylinder. 

The governor 18 acts not only as a check-valve to form an 
' cushion in the front end of the cylinder, but it also pre- 
tits the piston speed from becoming too great, by allowing 
t air compressed in the front end of the cylinder to pass 

■ leather 20 into the space 21 above it. The air in this 
imber then holds the valve 78 on its seat, preventing the 
nission of any live air, when the valve 11 opens the 
nission port 19, until the pressure above the governor 18 
' fallen, due to the escape of the air from the front end of 

Cylinder through a small passage in the valve 18. The 
ve 18, therefore, will not lift while the compression is high, 

■ to the pick missing the coal, and the valve may not rise 
ill to admit live air, the compression alone being relied on 
"etum the piston to the back end of the cylinder. If the 
t strikes the coal before the piston head reaches the 
Hion chamber, the air in 19 raises the valve 18 and passes 
> the cylinder, thus driving the piston back. 

^he piston valve 12 that controls the movement of the flat 
ve 11 fits over two lugs on 11. The valve 12 has ends 22 
I 23 of different diameters that move in closely fitting 
inders, packed by leathers 24,2,5 to prevent the leakage 
a.ny live air from the air chest to either end of the piston 
Ve. If both ends of the piston valve 12 were open to the 
tanst air, the valve would be held in its position to the 
- as shown, due to the greater pressure on the large end 22. 
e small end 23 is connected permanently with the exhaust, 
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and the motion of the valve is controlled entirely hy th 

admission or exhausting of air from the end 22. 

The chest 20 is supplied from the air chest JO with air a 
the pressure of the air in 10 through the passage 27 shorn 
dotted in Fig. 31 (a). This air passes from 26 through the 
valve 28, the valve seat 29, and the passage 30 to the regu- 
lating vaive 31. This valve 31 is held in position by a 
lever 32 that fits notches 33 in the cover. Varying the size 
of the opening through which the air passes, this valve varies 
the speed with which the piston valve 12 and 6at valve U 
move to the right. 

The position of the valve 28 that controls the passage ot 
air to the piston valve is controlled by the gear on the rifle 
bar 34. This rifle bar passes through a rifle nut 35 in th* 
piston so that the piston valve and, therefore, the flat valv 
are controlled by the position of the piston. When the pisto 
is near the back head, the valve £S covers the portadmittio 
air to the piston valve. As the piston moves toward tt 
front head, the valve 28 is moved until it uncovers this pc»t 
and the air acting through the passage 30 on the head moV* 
both the piston 12 and flat valve IJ to the right, admittit: 
air to the front end of the cylinder 2 and causing the baCJ 
ward stroke of the piston. When the piston approaches t^ 
back head, the valve 23 also opens the exhaust from O 
piston valve, causing the piston and flat valve to retum 
the left ready for the forward stroke. 

The ports controlled by the valve 28 are in the seat ^ 
which can be moved by the single tooth gear 36 operated t 
the lever 37, held in position by notches 38 on the ches 
Fig. 31 (6) . When Ihe-lever 37 is in its bottom position, tin 
ports are placed so that the piston valve will be moved tc 
the right earlier in the stroke than when the lever is up- 
This tends to give an earlier cut-off in the main cylinder, 
depending on the size of opening through valve 31. 
Levers 32 and 37 together control the speed of the machine 
and also the force of the blow. 

By adjusting the levers on the rear of the cylinder head, the 
air may be used at full pressure for from one-half to five-sixths 
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of the stroke and then cut 
off, the stroke being fin- 
ished by the expansion of 
the air. The machine has 
a quick forward stroke 
and a comparatively slow 
recovery, giving the oper- 
ator time to properly 
direct the blow. As the 
valve motion is operated 
by the piston, if the pick 
sticks, the cylinder be- 
comes the reciprocating 
part and the machine 
"kicka." The makers 
claim that, instead of 
being a disadvantage, 
this feature is one of the 
good points, as the ma- 
chine will quickly work 
itself loose, and a skilful 
operator can often take 
advantage of this to save 
heavy lifts in moving the 
machine. The machine 
exhausts from either or 
both sides as desired, 
so as not to interfere 
with the laborer working 
alongside. 

66. The Tocli ma- 
cblue, Fig. 32, is similar 
in many respects to those 
already described. The 
piston head is easy of ac- 
cess for packing and can 
be removed if necessary. 
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Air is admitted to the piston by an ordinary D valve, wWch 
also carries a cut-off valve that opens ports for admitting 
air to the air chest and is set to close these ports at seven- 
twelfths of the stroke of the piston, allowing the remainder 
of the stroke to be made by expansion, thus relieving the 
runner from much of the violent jar, and economizing in the 
use of air. The machine operates successfully at a pressure 
varying from 40 to 100 pounds. The operating pressure in 
the machine is controlled by a patent regulator which does 
away with the necessity of closing the throttle valve between 
the hose and the machine, and permits it to remain open until 
the machine is ready to be moved. There is also a patent 
lubricating device by which the oil is carried with the current 
of air and thoroughly lubricates the entire inside of the 
machine. It is the usual custom to balance a machine on 
the wheels so that when the piston is at half stroke the 
machine is in perfect balance on the trunnions and can be 
tilted easily either up or down. There is, however, an 
arrangement provided by which the balance can be adjusted 
to suit the operator. 

67. The Herzler & Henninger macliine is similar in 
many respects to those already described. The piston 
cushions on air, and there is a regulator for varying the 
length and speed of the stroke and the force of the blow. 
The stuffingbox on the front head can be packed without 
removing the head, and the balance of the machine may be 
adjusted by loosening a nut and slipping the hub backwards 
and forwards in a slot cast in the side of the cylinder. The 
machine will not race when the pick misses the coal, and 
the regulation is such that the speed is steady and unifoHn- 

68. Fig. 33 shows an electric pick macliipe that has a 
reciprocating piston actuated by a spring and cam, the 
spring striking the blow and the cam drawing the piston 
back. The cam is driven by a motor m of the toothed 
Gramme-ring type. The important feature is the manner 
of connection of commutator to coils, there being no wire 
connections at this point, which makes the armature as nearly 
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Tictifale as possible. The pict p is attached to the 
ter end of the piston, which is supported by the sleeve s. 
The machine weighs 750 pounds and is mounted on 
leels w. It is controlled, while working, by the handles k. 




\ length is 7 feet and its width over the wheels 21 inches. 
le piston makes from 175 to 225 8-inch strokes per 
inute. 



PICK MACHINES FOR 8DEARING COAL 

69, Fig. 34 shows a pick machine mounted on larg'e 
heels for shearing or making a vertical cut in the coal face. 
his machine is similar throughout to the pick machines 
sscrihed for undercutting, except that the wheels are larger, 
eingfrom 30 to 40 inches in diameter. Mounted on such 
'heels, it will make a cut or shearing of A\ to 5i feet deep 
id an equal height, or higher if placed on a support as 
tiown in the figure. Fig. 35 shows this machine in position 
"> make a shearing on one side of an entry face. The lower 
ortion of the cut is sometimes made wider than the upper, 
^ that the wheels can be run into it where a deep cut is 
-quired, but this is not often necessary. The operation of 
3is machine is the same as that of the undercutting pick 
Machine, and where the place is to be both undercut and 
neared, two pairs of wheels can be carried on the truck used 
M carrying the machine, and these changed from time to 
hne as desired. 

70, The Snillvan pick, or direct-acting, shearing 
lachlne. Fig. 36, is especially adapted for driving entries. 
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: pncciple of the machine is essentially the same as that 
:he pick machine already described. The cylinder c is 
ported on pivots on the frame /, so that it can move 
■ugh an angle of about 60°. The arm j supports the 
er rod e, which is an extension of the piston rod p and 
ies the bit b. The operator directs the blows of the pick 
neans of the lever m, which works a system of gears 
aging with the curved rack r. A special piece of track 




wd together with iron ties is kept in advance of the com- 
n track for the machine to stand on while at work. The 
lin s fastened to the end k of the rail and the bottom of 
: rear jack n, is used to hold the machine in place and to 
■fance it by turning the lever / whenever a cut has been 
-de from top to bottom about equal in depth to the length 
the stroke of the piston. A special form of bit or pick 
3wn at b is generally used in this machine. 




TO 
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This machine will make a sheariDg in the center of the 
entry 6 inches wide, from 5 to 8 feel deep, and from 4 to 10 
feel high. It strikes quickly, about 300 strokes per minute, 
and weighs 1 ,600 pounds. A great advantage with this lorn 
of shearer is its ability to work above and below large 
obstructions and around small sulphur balls, the former 
being broken and removed later, and the latter being cut 
out by the machine. 

71. Pick Mat-hlne Used for iTons-WaU Work.— The 
pick machine is used for long-wall work only when unfavor- 
able mining conditions exist in the coal, or where the mines 
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are gaseous. The advantages, as to greater output, "l 
machines especially built for long-wall work, such as those 
already described, are so great that they are always prefer- 
able to the pick machine wherever conditions will permit 
their use. 

72. The Kadlalax coal cutter, Fig. 37, is intended 
chiefly for shearing, for cutting entries, and other narrow 
places, and for removing slate or clay bands in the coal. In 
its construction and operation, it is very similar to a long- 
stroke rock drill of the Ingersoll-Rand pattern. The bits 
are of the form shown in the figure. They are fitted on the 
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of steels of different lengths, which, in turn, fit into a 
i on the end of the piston rod. The coal cutter is sup- 
id on a column similarly to a rock drill, and as it swings 
is column and can be raised or lowered, it can be used 
utting horizontally at any position in a coal face from 
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■oof to the floor, and also for shearing the coal. The 
nade by this coal cutter has a maximum depth of 8 feet 
. the face, a maximum width of 12 feet, and starting 
a width of 4i inches at the face it diminishes to 
iches at the bottom. This cutter can also be used for 
ing holes in the coal for blasting. 



OPERATING THE PICK ] 

i. In the operation of a compressed-air pick machine, 
men are necessary — one skilled operator and a helper. 
machine and the appliances used in operating it are 

eyed to the face of the room on a low truck, or bug;gy, 
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Fie. 38. It is then removed from the truck and poshed to the 
side of the room, where the undercutting is to begin. The 
majority of machine runners, preferring to work mostly witb 
the right hand, usually set up in the left-band comer of the 
room. A platform 3 feet wide and 8 or 9 feet long, called 
the running board and made by bolting together several 
pieces of 2-inch plank, is placed in position before the face. 
The end of the platform toward the coal rests upon the 
floor, while the other end is raised 12 or 13 inches above the 
floor by causing it to rest upon a stand, or horse. Thli 
inclination of the board or platform toward the face 




helps to neutralize the recoil of the machine. At timeB,the 
board is also given a slight inclination sidewise from the 
opening, which enables the operator to handle the machine 
with greater eilect and ease. The air is usually carried from 
the mouth of the room to the working face by a It-inch pipSi 
and the machine is connected to this pipe by a hose about 
50 feet long, a stop-cock being provided at the mouth of the 
room to shut off the air when not required. 

The machine having been placed in position on the hoafd 
and all being ready, the operator takes his place, sittinE 
on the board behind the machine. In the operation o> 
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^machine, the work of the operator is not only to direct, 
Qt to control the force of the blow, regulating it to suit the 
ardness of the coal so as to give the best possible results. 
some runners make the first cut, often called the tight or 
tump cut, by placing the running board flush against the left- 
land rib, swinging the pick toward the center of the room, 
ind sinking back into the left-hand corn,er. This is incor- 
'eet, however, as the helper must throw the cuttings toward 
he center of the room, and they must be removed by him 
■gain before the machine can proceed across the face. The 
etter plan in sinking the tight cut is to locate the rear end 
f the running board about 5 feet from the rib, and the front 
ad about 2 feet therefrom. This leaves ample room for 
le helper and the cuttings between the running board and 
le left-'hand rib, and permits the runner to cut straight 
>wn into the corner, cutting always, to the right, the cut- 
Ogs always going to the left. 

When the coal is very hard, or contains sulphur balls or 
ixer foreign matter, a long stroke is required in order to 
rike a harder blow; this is accomplished by pulling the 
achine a greater distance from the coal face. With softer 
»al, a short quick stroke is required, apd for this purpose 
le machine is moved nearer the coal. A runner should 
^oid using the full power of the machine when cutting 
iTough a hard clay vein or sulphur band, as the powerful 
low will break the pick points so quickly that more time is 
ist in changing picks than is lost in reducing the pressure 
> a point where the picks will not break. Again, by running 
te machine full force in such places, all the sharp picks are 
5oa broken and it is necessary to wait for new ones. In 
eneral, pick machines strike from 165 to 225 blows per 
■inute. 

The operator, sitting on the board behind the machine, 
olds one or both handles of the machine firmly in his grasp. 
^ small block of oak wood, called a chg^, provided with a 
'teee of sheet iron fastened to the block and bent back to 
protect the heel of the shoe, is strapped to the foot of the 
operator; with this to protect his foot, he blocks the recoil 
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of the machine by pressing^ the clog against one of the 
wheels, thereby keeping the machine up to its work at the 
face of the coal. While performing his work, 'the miner 
often places his lamp inside an empty powder keg so 
arranged as to thrbw the light on the face of the coal. 
A V-shaped undercut 12 inches deep is made in the face of 
the coal as far as the machine can reach from its first posi- 
tion, about 4 or 5 feet wide. This cut is then blocked down^ 
which is accomplished by lowering the machine at the back, 
causing the pick to strike the coal at the desired height above 
the first cut, from, say, 8 to 16 inches up from the floor, accord- 
ing to the depth of cut to be made. This enables the runner 
to see into the cut. The helper shovels away the cuttings 
as they are made, using a special long-handled fiat shovel. 
In the same manner, a second undercut is sometimes made 
from the same position of the board, and the coal again 
blocked down. At other times, the board is moved, when 
this can be easily accomplished, and the same operation 
carried along the entire face, when the machine is returned 
to the place of beginning and the mining then completed by 
repeating the process. By this means, the weighting action 
of the roof is made to assist the cutting, but the entire 
depth of undercut is accomplished in not more than two set- 
tings at any one place. The finished cut is of a V shape, 
tapering from 12 to 16 inches high in front to about 3 inches 
at the back. This enables the coal to be brought down by a 
comparatively small charge of powder and in good shape for 
loading. Each cut made at one setting of the machine is 
called a board. At times two boards, giving a width of 6 feet, 
are employed side by side, but this is not customary and is 
often impracticable, but when practicable it saves time in 
starting a new cut. 

74. Moving the Machine. — When the entire breast has 
been cut, the machine is quickly placed on its truck and 
moved to the next cutting place. Since the pick machine is 
mounted on wheels, it is often simply pulled from one room to 
the other through break-throughs or cross-cuts by the machine 
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runner and helper; and in this respect it is more convenient 
than other types of machines, which require mechanical 
means or the use of a mule and driver to shift them from 
place to place. As a rule, the pick machine is moved by 
loading it on a low, flat truck, Fig. 38, on which the machine 
runner and helper can push it without assistance. 

75. Duties or tlie Runner. — The runner's first work 
is to go over his machine to see that all nuts, bolts, and 
joints are tight and the machine properly oiled. He takes 
general charge of the work as already described. 

A good runner will have a number of rooms, and likewise 
a number of loaders, and he usually undercuts these places 
in rotation. It is his duty to make clean, even cuts, imme- 
diately on the floor of the mine, and to square up not only 
the corners of the rooms, but the corner of each individual 
cut, so that, when a room has been undercut, it will have no 
points of solid coal sticking out in the back of the cut to 
prevent the coal from being blasted with a minimum of 
powder. A runner, on leaving his machine at the end of his 
shift, when double shifts are being worked, should be careful 
to have all tools in their various places, so that, when the 
opposite partner comes on, he will know exactly where 
everything is to be found. 

76. Daties or tho Helper. — An inexperienced man 
first works as a helper; his duty is to shovel away cuttings, 
keep the mine lamps in good order and in proper position 
so as to reflect directly on that part of the coal face being 
cut, keep a sharp pick in the machine, and to keep the picks 
and all the tools in a special place, where they can be easily 
got at and will not be covered by the fine coal. It is not 
necessary to shovel the cuttings from the back part of an 
undercut, and a good helper will usually stop shoveling 
about 2 minutes before the undercut has been completed, 
and, taking his own lamp, will prepare a place for the next 
setting of the machine, by shoveling away any debris lying 
along the face of the coal, and see that the floor is cleaned 
np for a distance of about 9 feet from the coal face. By this 
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time, the ninncr will bave completed the cut and nm the 1 
machine oS the board. The helper then gives him his lamp 
from the reflector, and while the runner lifts the rear end 
of the running board, the helper, standing by the side of 
the running board next the solid face, draws the trestle 
along parallel to the coal face, a distance of about 5 feet; 
he then draws the running board along the face an equal 
distance, and levels up its front end while the runner adjusts 
the rear end. Then, placing in position the small boards useii 
in pulling the machine from mine floor to running board, 
the two men each take a handle and draw the machine on to 
the running board. The pick is then changed, if dull; tiiis 
is a place where the activity of the helper is most important, 
for the machine runner is absolutely idle, and any lagging 
on the part of the helper incurs serious loss in tonnage. 

After the change of picks, the helper places the runner's 
lamp in the reflector, then places the dull pick on the outside 
end of the machine truck, and returns to the machine. He 
shovels away the cuttings, having first placed his lamp in j 
the reflector. When a room has been finished, the helper ' 
closes the air valve in the pipe line near the machine, and I 
disconnects the hose from the end of the pipe. He helps I 
load the machine and all the accessories on the truck, and 
to push the loaded truck to the next place to be undercut- [ 
Before connecting the hose to the end of the pipe, he opens r 
the air valve once or twice to clear the pipe of any coal dust 
or small coat that otherwise might clog the throttle valve 
and air ports of the machine. By (his time, the runner will 
have the trestle and running board well in place, and a 
couple of minutes more time is all that is necessary to pa* 
things in shape for starting, when work proceeds as before - 



77. Management. — It is essential that each machi*^ 
should have its full complement of rooms on the same heac^"" 
ing in order to avoid long moves. As a matter of econoni"^'" • 
all sharp picks should be delivered to the runner and dL:»-1* 
ones taken away by the coal company, and it should t*^ 
looked after by the heads of departments that no machl*^-^ 
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T loses time waiting for picks. It is equally important 
the pressure in the pipe lines is not taken from the 
ines with which to run pumps, as this is a direct injury 
i machine runner and tends to demoralize him. Where 
ines are to be operated on the double-shift system, it is 
rtant that men of equal productive capacity and habits 
inpled together. Every mine that can a£Eord it should 
a machine boss to keep a general oversight of the 
ines and the runners. 

. Capacity of tlie Pick Machine. — On account of 

nany local conditions that aflEect the running of the 
ine, no definite figures can be given as to capacity. A 
Lverage of cutting for any one machine working in 
s would be 100 lineal feet per day of 10 hours, making 
ting 6 feet deep. This in a seam 6 feet thick would 
about 100 tons of coal, which would be the average 
t of a machine per day of 10 hours. The amount of 
hat a loader can shoot down and load in a day varies, 
irse, with the thickness of the seam and the character of 
lal, but an average for a day of 10 hours is 12 to 1.5 tons. 
long-wall work, as no changing of places would be 
red, a fair average would be 150 lineal feet, 6 feet deep, 
ay, making about 150 tons per machine per day. 
e capacity of a pick machine for shearing depends 
ly on the height of the coal sheared. Working in coal 
erage height, eight cuts, sheared 6 feet deep, ia 10 hours 
i be considered fair work. 
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IKTRODUCTION 

1. Necessity for Timbering. — The removal of the 
material underlying any stratum necessitates the temporary 
support of the strata above in order that the operations of 
miniag: may be continued. If this is not done, the material 
overlyinjr the excavation will fall into the opening in obedi- 
ence to the law of gravity. The pressure that acts on the 
rocks in which the excavation is made may come on any one 
or all of the walls about the excavation to such an extent as to 
cause them to break and fill the excavation. In coal mining, 
the top wall, or root, needs the most support, although the 
side walls, or ribs, and the bottom, or Uoor, sometimes need 
to be protected by timbers. It is practically impossible to 
bold up the great weight of the superincumbent rock by any 
system of timbering; and were it not for the overarching of 
the roof material, by which the weight is thrown on the solid 
strata forming the sides of the excavation, it would be impos- 
sible to mine coal by any of the present methods of mining. 
The main object of mine timbering is to hold in place and 
keep from falling the loose pieces of roof rock. 

2. Scope or Subject. — There is no one word in the 
English language that includes the various means adopted to 
support weak walls in mines. The term timbering is not 

CittTilhlid b» tnlcrnatiettal Ttxliook Cemfany. Enlired at Slaliancrs' Hall, Lendan 



S TIMBBI^ING 54S 

sufficiently comprehensive, for masonry, concrete, and iron , 
are used successfully for this purpose; however, for lack of j 
a better term and because timbers are used to a greater 
extent than other materials, all may be treated under the 
general heading timbering, and subdivided for itemized 
description. 

Timber is also used in coal mines for building brattices, 
stoppings, doors, regulators, air bridges, and air boxes for 
conducting the air through the mine workings; for chutes, 
platforms, gates, and batteries for handling coal after it is 
mined; for trackwork, covering sumps, underground stables, 
engine rooms, fencing o£E dangerous places, and variooB 
other purposes of both a temporary and a permanent nature. 

3. Tlml>erB Used In Mines. — The trees thatgrovnear 
coal mines are the ones generally used for mine timbers. 
If the wood from such trees is of inferior quality and dura- 
bility, it should be used only for temporary purposes or 
where strength is of secondary importance provided that 
other timber is obtainable; on the other hand, if the woodis 
strong and durable, it is also used where permanency is 
desirable. It is a mistaken idea that any wood is suitable 
for mine timbering, for often it will be found ijheaper in the 
end to purchase expensive timber than to use cheap wood 
that must soon be replaced. It is also a mistaken idea that 
wood that is durable on the surface will be alike durable in 
every situation underground, for in some mioes, it will be 
attacked and quickly destroyed by decay. The purpose fof 
which the timber is to be used in the mine must always be 
considered; for example, room timber does not require to 
be so long-lived or so strong as entry timber, and some soft 
timber may serve the purpose here better even than a stronger 
and more durable timber, because it is more yielding and not 
so liable to break suddenly without giving the miner warn- 
ing. Timbers such as spruce, tamarack, or yellow pine 
will resist the action of the mine air to a remarkable degree, 
and, therefore, are well adapted for use on airways and haul- 
age roads. 
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There are two extremes where timbering fails, one where 
weak, brash wood is used, or wood of too small dimensions; 
the other where strong, durable wood is allowed to become 
diseased. In the first case, false economy is the cause of 
failure; in the second case, negligence or ignorance. It is 
necessary, therefore, to understand the structure of wood, the 
particular purposes for which it is adapted, its strength, dura- 
bility, hardness, elasticity, and susceptibility to disease, and 
to know what methods may be adopted for its preservation. 



STRUCTURE OF WOOD 

4. There are two classes of trees suitable for mine tim- 
bers; namely, coniferous trees, or evergreens, and 
deciduous trees, or those whose leaves fall off in autumn. 
Both classes of trees are perennial; that is, they grow from 
the center outwards, adding each year a new outer layer of 
wood that covers the growth of the previous year. 

The situation in which a tree grows has much to do with 
its structure; for instance, trees that grow in swampy jfround 
have larger pores than those grown on the uplands. 

Structure has much to do with the strength of wood; and 
as a rule a close-fibered heavy wood is stronger than one 
having coarse, open, porous fibers, Conifers and decidu- 
ous trees differ in the structure and character of their wood, 
the conifers being soft and the deciduous, generally, harder 
wood, although the wood of some conifers is harder than 
that of some deciduous trees. 

In most conifers, the fibers composing the main part of the 
wood are all alike and their arrangement regular. On the 
other hand, the wood of broad-teaved trees is complex in 
structure and lacks the regularity of arrangement so notice- 
able in conifers. 

5. Annual Rings. — The wood nest to the bark, being 
of more recent growth, is porous compared with that nearer 
the center of the tree. The former, called the sap wood, con- 
tains cells that are open for the running of sap and the proc- 
ess of growth, while the cells of the latter, or htart wood. 
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are not so open or active in the growth of the tree. Each 
gear's growth is marked by an annular ring; and by collat- 
ing these rings on the cross-section of a tree, it is possible 
to determine the age of the tree. The rings vary in width 
according to the kind of tree; and for the same kinds of 
trees, according to their quick or slow growth, from j*! to 
J inch, the latter occurring only 
in very thrifty trees; probably 
1^ inch will be the average for 
thrifty trees. The rings near- 
est the center are generally the 
widest. 

Each ring is made np of an 
inner softer and lighter-colored 
part, called the spring wood, and 
an outer firmer and darker- 
colored portion, called the «*"»' 
'ood of the ring. 
Fig. 1 shows a pine board cut 
lengthwise of the log so as to 
show a cross-section A, a tai^" 
gential section B^ and a radial section C\ a are annual rin£^' 
b is spring wood, and f is summer wood. 

Fig. 2 shows an oak board cut lengthwise of the log '" 
show the same sections as in Fig. 1, but in the oak tl^* 
darker-shaded parts b are the spring wood and the ligti'^ 
parts c are the summer wood. The annual rings are at * 
the great difference in appearance in the radial section ^i 
Fig. 2, and the radial section of Fig. 1 is due to the fit>ei» 
interlacing to a greater extent in oak than in pine. ITis 
tangential sections R also differ, the spring wood b and the 
summer wood c being less pronounced in the oak board. The 
lines that radiate from the center of a tree section A, Figs- 1 
and 2. are called the medullary, or pith, rays; they are mtich 
more conspicuous in hard woods than in conifers. Tbey 
appear as tapering lines on the tangential face, and as broad 
bands on the radial section. The wood fibers interlacing 
in this manner give strength to the timber across the graia> 
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PHT8ICAI1 PROPERTIES OF TIMBER 

Ul woods possess certain physical properties or 
sristics, such as weight, durability, elasticity, hard- 
::., which adapt them to particular uses and make them 
■ less valuable as a mine timber. 

Velght of Wootl.^Green timber contains much sap 
isture and weighs more than seasoned or dried wood, 
!d wood is heavier at the center and green wood is 
on the outside. The butt wood, or that nearest the 




'Hsually heavier than the top wood of the same tree. 
iral, native woods when seasoned are not so heavy as 
weighing less than 62.5 pounds per cubic foot; in fact, 
ods weigh as much as 50 pounds, and some of the 
id conifers weigh less than 30 pounds per cubic foot. 
ieasonlDg; Wood. — When timber loses its water, it is 
be seasoned, and consequently weighs less than in the 
tate, while at the same time it becomes more durable. 
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Timber, when dried too quickly, has a tendency to absorl) 
moisture when again exposed and also to split or check alonS 
the grain; in drying, it will, of course, shrink. Mine timbei 
should be well seasoned by air drying; and since the ends w^U 
dry first, they will check, but this is only local, and sometimes 
disappears as seasoning progresses. Timbers, if left mari5 
months in water, become water logged and sink; at the same 
time some of the soluble materials in the wood are leached 
out, without much impairing its strength. Air-dried timbex-s 
are generally used in mines, and from the time they are fell^^ 
until placed in the mines they should be cared for proper] 



TABIiE I 

APPROXIMATE WEIGHT OF KIIiN-DBIED WOODS 



Very Heavy Woods 
Hickory, oak, persimmon, beech, locust 

Heavy Woods 

Ash, elm, cherry, birch, maple, long-leaf 
pine, tamarack 

Medium- Weight Woods 
Pitch pine, Douglas spruce. Western 



hemlock 



Light Woods 

Norway and bull pine, red cedar, 
cypress, hemlock, spruce, fir, redwood, 
basswood, butternut, tulip, buckeye, 
yellow poplar 

Very Light Woods 

White pine, spruce, fir, white cedar, 
poplar 



Specific 
Gravity 



.70 to .80 



.60 to .70 



.50 to .60 



.40 to .50 



.30 to .40 



Weiffbt 



Per 

Cubic 
Foot 

Pounds 



42 to 50 



36 to 42 



30 to 36 



25 to 30 



18 to 25 



*B. M.— Board measure. 




3.7 



2,7' 



2,200 



1,800 
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Shrinkage of Wood. — Among- the many peculiar 
:nres in the physics of timber is the one that wood does 

shrink in the direction of the length of its fibers, but at 
It angles to them. This may cause cracks or checks in 

direction of the length of the wood, particularly if the 
ioning is carried on unevenly or so quickly that the stick 
s not lose its moisture uniformly. If the moisture dries 
on one side of a stick quicker than on another, the stick 

twist and warp. 

ig. 3 shows the effect of shrinkage; it will be noticed 
the checks are lengthwise of the wood, for the reason 

the longitudinal shrinkage is very little, while across 

grain the shrinkage is considerable. One of the great 




ibles in wood seasoning is the difiference between the 
)unt of shrinkage along the radius and that along the 
;s or tangent. 
ap wood, as a rule, shrinks more than heart wood, and 

harder woods shrink more unevenly and check to a 
iter extent than the conifers, due no doubt to the regular 
dure of the latter. It is not necessary to select mine 
3ers as woodworkers must select lumber; however, sound 
ks free from shakes and, as far as possible, from checks 
aid be chosen and inferior sticks rejected, particularly if 

has to purchase the timbers. In the selection of timbers 
mining purposes, their strength and enduring qualities 
to be considered. Timbers to be used as props or posts 
e to resist crushing endwise; timbers acting as beams 
it resist bending and cross-breaking. 
0. Time to Cut Timber. — The presence of much sap 
4e tree when it is cut causes the timber to decay more 
idly than it would otherwise, owing to the fermentation 
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of the sap permitting: the sjowth of fungfi that feed on the 
life of the timber. In growing timber, the sap ceases to ran 
about the middle of December and starts again about the 
middle of February. Timber cut, therefore, in the months of 
December, January, and February will contain the least sap 
and prove more lasting than the same timber cut at other 
times of the year. The work of cutting timber in winter 
gives employment also to farm hands during their idle 
season; moreover, the task of transporting timber on sleds 
to the mines or the railroads is a much easier one in winter 
than during the seasons when wagons must be used. 

!!• Storing Timber. — Usually, as soon as trees are 
felled, their bark is removed to prevent insects from injuring 
the wood and to prevent the sap from fermenting, during 
seasoning, and causing rot. The timbers should not be per- 
mitted to lie on the ground after seasoning operations are 
commenced, but should be placed on blocks so that they wiU 
be exposed to a circulation of air. The blocks should not 
be so far apart that the timbers will sag; and the timbers, i^ 
exposed to the sun, should be turned regularly, otherwise 
they may check or warp. Sawed timbers should be stacked 
up, with air spaces between the sticks; they should also*be 
kept under sheds when seasoning and before they are takei^ 
below ground. If this is not possible, they should be stacke<3 
so that they will shed water. 

The several lengths of timber should be stored together sO 
that they can be readily obtained as required. To prevent 
warping and checking, the timber should not be seasoned toO 
quickly, as is frequently the case when artificial heat is 
employed, or when the timber is exposed to a strong SUXJ» 
especially when the circulation of air is not sufficient. 

12. Durability of Mine Timber. — All wood is equally 
durable under certain . conditions, and when submerged i^ 
water or placed where fresh, dry air can circulate about it> 
timber will last indefinitely. Timbers in some mines in tkiis 
country have been in place over 40 years. Timbers in tti^ 
Alten Mann mine in Saxony have been in place 300 jesLXS 
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■nd aie still in a sound condition, but this is exceptional and 
is only to be accounted for by their being wetted daily. 

Mine timbers are generally exposed to alternate wet and 
Iry conditions that tend to shorten the life of the timber by 
iromoting the fermentation of the sap in the wood and the 
[Towth of fimgi that feed on the wood. 

13. Timber Diseases. — The term timber diseases 
;fers to such natural processes as take place in timber, and 
1 time destroy the wood. Dry rot and fungus growth are 
tainples of natural diseases common to most timbers, 
oine timbers are more apt to be infested with insects and 
iffer from this cause more than others, owing, probably, to 
e nature of the wood or bark as furnishing food or nesting 
aces for insects. Climatic conditions have much to do 
ith this trouble; in some climates, the insects multiply 
Pidly and completely destroy the timber they infest. At 
Oes, the bark of the timber is completely filled with the 
Ss and the larvae of insects, and must be removed in order 
protect the timber from their inroads. 
X4, Dry Hot. — When wood is not properly seasoned, 
- sap is liable to ferment, especially in a dry, warm place, 
d dry rot occurs, beginning in the center of the stick and 
>rking outwards. In general appearance such a stick looks 
Und, but by thrusting a knife blade into it the damage is 
^covered. Fresh-air circulation, when the stick is away 
>m decaying timber, is one preventive of dry rot, as in such 
-nations the stick seasons. 

1-5. Damp Rot. — When timber is placed in warm, moist 
I*, damp rot takes place; this is the usual rot affecting 
ine timbers. It commences on the outside and gradually 
ii^s an entrance into the interior of the stick through some 
leek. The destruction of a timber by damp rot is not so 
ipid as by dry rot and is noticeable from the fungus growth on 
tie outside of the stick. In mines, dry rot occurs in the return 
lirways and in poorly ventilated workings, while damp rot 
"ccurs in the intake airways and damp rooms. When fun- 
riu of the damp-rot species appears, it may be possible to 
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save the timber and prevent the tungus reachine the heart 
wood by washing the stick down with lime or alum water 
from time to time, 

16, Preservation of Timber. — The partial removal of 
sap will retard decay, for which reason timbers are i 
times submerged (or several months, then removed and air- 
dried. A temperature of between 60° and 100° F. combined 
with moisture is favorable to decay; but mine timbers miast 
often be placed where such conditions prevail. It may be 
possible, by special wood preservatives, to increase the life o£ 
timbers; but even then the sap must be either dried or 
removed, since wood covered with paint before being thor- 
oughly seasoned will propagate dry rot in a warm, dry pla-c^d 
or damp rot in a moist, warm place. With good sound ti«^^' 
ber, creosoted joints will prolong its life, especially if tti* 
ends have been submerged in creosote a month or mor^- 
Different species of trees differ in their resistance to deca^''- 
Cedar, tamarack, and locust are more durable than pine, oa*^' 
or cypress, although in certain situations they may all hav^^ 
the same life. Contact with earth is particularly destructiv*"^ 
to timber; and nearness to decaying timber is a source o— — ^ 

disease. The principal means adopted to arrest the proc- 

esses of decay and preserve timber are creosoting, salting, 
and charring the timber. The first two methods consist in 
impregnating the timber with creosote or a solution of salt 
so as to fill the pores. The acid acts to coagulate the albu- 
minous matter of the sap. By this means, the pores of the 
wood are filled with a deposit of salt or with the coagulated 
albumen, which prevents the absorption of moisture and 
arrests the process of decay in the timber. The acid also 
destroys the organic life of the wood. In the third method, 
' the charring of the ends and surface of the timber closes the 
pores of the wood and prevents the absorption of mois- 
ture; the charred surface of the wood will not then decay. 
Attempts have been made to coat mine timber with some 
substance, as tar, to prevent or retard its decay; in other 
cases, the timber has been treated with chemicals with the 
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same end in view. The objection to the use ot creosote or 
tar for preserving mine timbering is that they make the tim- 
ber more inflammable than it would otherwise be. Timbers 
: sometimes treated with solutions of the chlorides or the sul- 
lies of the various metals. When a regular plant is installed 
this work, timbers are first placed in specially prepared 
chambers from which the air is afterwards exhausted, and 
then the solution for preserving the timber is forced in under 
pressure, the exhausting of the air having reduced the pres- 
sure on the timber and opened the cells. After the preserv- 
ing material enters the chamber, it is forced into the pores 
of the wood in such a manner as to thoroughly saturate it, 

17. Removal of Bark Prom Timber. — There is some 

Terence of opinion in regard to removing the bark from 

Ufflber to be used in the mine. Many do this, claiming that 

"lere is less trouble from insects destroying the timber 

When the bark is removed than when it is retained. The fact 

^' the matter is that insects trouble some timbers, such as 

'''ckory, walnut, elm, etc., more than others; and are more 

Prolific in some localities than in others. Experience indi- 

•^^tes that it is a needless expense to strip the bark from 

B^ood sound oak, hemlock, or tamarack timber that has been 

^t at the right time and properly seasoned. 

TIMBER MEASUREMENTS 
l8. Timber Supplies. — ^The mine manager is usually 
^ble to purchase timbers and seldom has to bother with 
'hem standing. Where much timber will be needed in the 
'Operation of the mine and timber land can be secured at a 
^^asonable cost, it will generally be found advantageous to 
^uy such tracts and make arrangements to clear the land 
^^eularly, year by year, as the timber is required. This will 
^ake the company independent in respect to timber, and the 
'•rne and manner of cutting, storing, etc. will be entirely 
^nder control. When the land has been cleared, it will, in 
'^any instances, be valuable for farm purposes and bring a 
PrtcE that will greatly reduce the net coat of the timber. 
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Where timber tracts are not owned, the timber required for 
the operation of the mine must be purchased as needed. For 
a large mine, this will generally require a regular appointed 
timber agent, one who is familiar with the different kinds of 
timber and has a thorough knowledge of the growth and 
properties of timber, and the requirements of mine timber. 
It will be necessary to make ample arrangements ahead for 
an adequate supply of all sizes required, so that there will be 
no delay in obtaining these as they are needed. 

The timberman who does the felling should see to it that '. 
no good timbers are wasted and that they are cut to proper 
lengths. In case a small tree will answer the purpose, a 
large one should not be felled and its top taken, for the light 
wood from the top of an old tree is not so strong nor so 
durable as wood from a younger tree. 

19. Cost of Timber. — Timber varies greatly in cost, 
according to locality and the price of labor. Mine timber is 
usually estimated at a certain price per running foot, varying 
from 1 cent to 4 or 5 cents per foot, according to the size of the 

timber and quality of the wood, and the relative supply and 
demand for timber in that locality. In some farming districts, 
where timber is plentiful, arrangements can often be made to 
clear the land, taking the timber in payment for the work; a 
specified sum may be required in some case's as a bonus. 

It is usual to stipulate that a timber shall have a certain mini- 
mum diameter at its smaller end, and it is then purchased by 
the running foot. If a stick 8 to 12 inches in diameter at the 
small end costs 5 cents per running foot, a stick 16 inches in 
diameter will cost 9 cents; one 20 inches in diameter, 14 cents; 
and one 24 inches in diameter, 20 cents per linear foot. 
These prices are based on the increased quantity of wood 
in a stick, with the area of a stick 12 inches in diameter as 
the base, and 5 cents the base price. If timbers 12 inches 
in diameter can be obtained cheaper than the price named, 
the others should be proportionally less in price. 

20. Specifications for Mine Timber. — Specifications 
for mine timber should state the kind and amount of timber 
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tequired; the sizes, diameters, and lengths of sticks; and the 

time and place of delivery. The diameter of prop timber is 
usually specified by naming the minimum diameter of the 
small end of the stick. A timber contract should provide for 
the proper inspection of all timber by the purchaser and should 
give the buyer the right to reject all timber that does not fulfil 
the requirements of the contract. Provision should be made 
in the contract for the payment for timber delivered, at such 
times and in such amounts as will be satisfactory to the party 
delivering the timber, a certain specified sum being retained 
from each payment as guarantee of the fulfilment of the con- 
tract, such amount to be paid in full at the completion of the 
contract. Where timber is shipped from a distance, it should 
be inspected before it is loaded, in order to avoid unneces- 
sary transportation charges. 

21. Size of Mine Timber. — Sticks smaller than 6 inches 
in diameter are merely useful for temporary timbering or for 
sprags or lagging. Set timbers are often from 10 to 12 
inches when squared; probably the former size is mostased. 
_Whenever round timbers are used as set timbers, they should 
be of such diameter as will furnish approximately the same 
area as a sawed sticlt; thus, if a 10-inch sawed stick is to be 
replaced by a round stick, the latter should be, approxi- 
mately, 11a inches in diameter. [10' = 100 square inches; 
(ll-i)'X.7S54 = 104 square inches.] In mine roads, set 
timbers are from 6 to 8 feet long, according to local practice. 
The caps or collars are varied in length to suit conditions, 
but 8 feet is a fair length. The foregoing dimensions will 
be varied by the mine manager and are given because they 
are the usual sizes for set timbers on haulage ways. Beams 
are used in various sizes and lengths, while props vary from 
mere saplings to sticks 24 inches in diameter. 



IX>GS REDUCED TO SQUABB TIHBBB 

22. The Inscribed-Square Rule. — The Inscplbed- 
Bqnare rule gives the largest possible theoretical result, 
no allowances being made for imperfections in the log or 
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for saw cuts. The exact mathematical role for determmin^f 
the side of a square inscribed in a circle is as follows: 

Rale. — The side of the square ab, Fig, 4, is the hypotenuse 
of a right triangle abc^ two sides of which are radii r of the 

log. Hence^ the side of the square is 

Since r = -, that is, the diameter is 




Fig. 4 



twice the radius, r* = l-\ = — . There- 
fore, 2 r* = — and the side of a square 

inscribed in a circle equals -W-^. The area of the inscribed 
square will therefore be equal to the side squared, or 

Example. — The circumference of a log at its middle length is 
37.7 inches; according to the exact mathematical rule for determining 
an inscribed square in a circle, what will be the area of the stick 
when squared? 

Solution. — Since 3.1416 X the diameter = the circumference, 
37.7 -j- 3.1416 = 12, or the diameter of the log. Then, according to 

V5^ /144 , 

y = \-K- = ^72 = 8.48 in., as the side of the i 

square, and 8.48 X 8.48 = 72, the area, in square inches. Ans. 

Again, since the radius is half the diameter, the radius squared 
multiplied by 2 gives the area, or 72 sq^ in. 

The diameter or circumference of a log at the middle of 
its length is often taken in such calculations, though to be 
absolutely correct the smaller end of the log should be 
measured. 

The circumference at the middle length of the log may 
be measured and the area and radius calculated from this 
measurement, the two ends of the log may be measured and 
the middle section calculated as one-half the sum of the two 
ends. Then, if the area of one end of a log is 140 square 
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inches and that of the other end 120 square inches, the area of , 

.V . .■ ■ 120+ 140 ,„„ . , 

the center section is = IJO square inches. 

It is impossible to cut from a log a square timber of the 
theoretical size owing to imperfection in the timber, differ- 
ences in diameter of the two ends of the log, and waste in 
sawing or hewing. Hence, timbermen have a number of 
approximate rules for estimating the size of square timber 
obtainable from a given log. The following are a few of 
the most frequently used of these rules: 

23. The Two-Thirds Bule. — In the t-wo-thlrda rule 

for determining the amount of square timber contained in 
logs, allowance is made for the waste that occurs, owing to 
the fact that logs are seldom perfectly round and straight. 
The diameter of the log is taken at the middle of its 
length, or the diameters of the two ends of the log are 
added together and divided by 2 to obtain the average 
diameter. To allow for slabs in cutting, only two-thirds of 
the diameter is taken as the width of the square piece that 
may be hewn or sawed out of the log. ' 

ExAMPLB 1. — The circumference o£ a log at the middle of its 
leogth is 37. T inches; according to the two-thirds rule, what will be 
the ar^ of the stick when squared^ 

Soi-UTioii.— Since 3.1416 X diameter = the circumference, 37,7 
-i- 3.1416 =: 12, or the diameter of the log. According to the rule, 
12X2 



^ = a Id. ! 



: edge of the si 
8X8 = Ms 






the a 



ExAUPLB 2. — The diameters of a log at its ends are 12 and 
16 inches, respectively; what will be the width of a square stick cnt 
from such a log, if the two-thirds rule is used? 

Solution. — The average diameter is — ^— = H in.; then, by the 



24. Quarter-Girth Rule.— The formula A = 1.97 r* 
gives very nearly the exact area of a square piece that can 
be cut from a log whose diameter at the middle of its length 
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is r. The bark should be removed from the log before it is 
measured. This formula is derived as follows: The circum- 
ference of a log: is measured at its middle leng:th with a tape 
and equals 27rr. One-fourth of this quantity is squared, 
that is, 

m- *-¥■■ '-"^ »' ^ - im 

= ^ = 1.97 r" 
6 

Example. — If the circumference of a stick measured at a center 
point is 37.7 inches, what wiU be the area of a stick sawed from sach 
a log according to the quarter-girth rule? 

Solution.— The diameter of this log is 37.7 ^ 3.1416 = 12. r = 12 

+ 2 = 6. 

A = 1.97 X 6* = 70.92 sq. in. Ans. 



CUBICAL. CONTENTS OF A TIMBER 

25. For all practical purposes, the cubic feet in a stick 
of timber may be obtained by finding the area of its middle 
cross-section and multiplying this by its length. The area 
of its middle cross-section may be found from its perimeter 
at its middle length, or by taking the diameters at each end 
and dividing their sum by two, for an average diameter. If 
the length is in feet and the diameter in inches, divide the 
result obtained above by 144; and if all dimensions are in 
inches, divide the result by 1,728. 

26. Moleswortli's Rule. — All dimensions being given 
in feet, the following rule is adopted by some for finding 
the cubic feet in a log: 

Rule. — Add together the squares of the diameters of the 
greater and lesser e?idSy and the product of the two diameters; 
multiply the sion by J 854: and this product by one-third the 
length of the log. 

Example. — The diameters of a log at its ends are 2 feet and 
1.4 feet respectively, and its length is 15 feet; what number of cubic 
feet does it contain? 

Solution.— 2' + 1.4" + (2 X 1.4) ^^ 8.76, and 8.76 X .7854 X V 
= 34.40 cu. ft. Ans. 
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27. When the length is in feet and the diameters in 
inches, proceed as in Art. 26, and divide the result by 144. 

ExAMFLB 1. — The diameters of a log are 24 and 18 inches, respecl- 
i-vely, at its ends, its length being 15 feel; what will be its volume, In 
cubic feet? 

Solution.— [24"'+ 18" + (24 X 18) X .7854 X 5] -f- 144 = 36.32cu. ft. 
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When the dimensions are in inches, proceed according to 
the rule in Art, 26, and divide the answer by 1,728. . 

Example 2. — The diameters of a log are 20 and 15 inches, respect- 
ively, at its ends, its length being 144 inches; what will be its volume, 
in cubic feet? 



28. Board Measure. — Lumber or framing timber ia 
usually sold by board measure. One foot, board measure, 
isiV cubic foot; that is, it is 1 foot square and 1 inch thick; 
hence, to reduce cubic feet to board measure, multiply by 12. 

Rnle. — To express lumber in terms of board measure, multi- 
ply together the thickness in inches, the width in inches, and the 
length in feet, and divide the product by 12; the result will be 
Ike contents in board feel. 

A board 1 inch thick, 12 inches wide, and 12 feet long will 
1 v/ 10 v 1 2 
contain — — — = 12 board feet; a board 6 inches wide, 



1 inch thick, and 10 feet long will contain 



1 X 6 X 10 



12 



^-^ = 6 



board feet. Boards that are more than 1 inch thick are 
termed planks and are sold by board measure; thus, a 
plank li inches thick, 10 inches wide, and 12 feet long will 
3X10X12 _ 



contam - 



' = 15 board feet. 



2X12 

Example. — How many feet, board measure, are there ii 
joists 3X4 inches in section and 16 feet long? 
la X 3 X 4 X 16 _ 



Solution. - 



12 



= 266 board ft. Am, 
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In the specifications for bnildins^s and the purchase of 
Inmber, board measure is of importance in determining the 
cost. Planks for IsLSgins or caps are also pturchased bj 
board measure. 



STRENGTH OF TIMBEB 

29. All calculations for determining the strength of tim- 
ber consider the material as a bundle of parallel fibers; such 
fibers, according to the nature of the wood, have a definite 
strength which is determined by experiment. 

30. Stress. — The intensity of the internal resistance of 
the timber due to a load is called stress. The combined 
strength of the fibers forming a stick of timber, estimated 
for a unit sectional area, is called the fiber stress; it is the 
load per unit of sectional area, and is usually stated in 
pounds per square inch of cross-section. 

The ultimate stress, or ultimate load, is the stress or 
load at the moment when the rupture of the fibers begfins; 
it indicates the limit of strength of the material and is often 
called the breaking load or breaking strength. 

The elastic limit is that point of loading or that stress 
that marks the limit of the elasticity of the material; or, in 
other words, the point of loading at which the load or stress 
causes permanent deformity in the material. 

The safe load, or proper working load or stress, is a 
load or stress within the elastic limit of the material; that is, 
that does not produce permanent deformation. 

31. Factor of Safety. — The factor of safety is usually 
understood as being the ratio of the load adopted as the 
greatest safe load or stress to the ultimate load, but the 
inverse of this ratio is also sometimes called the factor of 
safety. The factor of safety is thus expressed as a fraction 
or as a whole number; for example, the factor of safety may 
be expressed as 5 or i, signifying, in either case, that the 
adopted greatest safe load is one-fifth of the ultimate, or 
breaking, load. 
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32. Action of a Ijoad,— ^A load supported by a stick 
of timber may act in a direction parallel to or across the 
fibers; when acting parallel to the fibers, the load pro- 
duces a longltndlual stress. A load acting across the 

' fibers is called a truusverse load. A transverse load may 
produce a longitudinal stress in the fibers similar to a load 
acting parallel to the fibers; or it may produce no longitudinal 
stress, but act simply as a force to cut the fibers in a plane 
more or less perpendicular to their length; this is called 

A stick supporting a load that acts parallel to its fibers is 
called a post or strut, while a stick supporting a load that 
acts across its fibers is called a beam. 

33. Compression uml £long:atIon. — A force acting 
parallel to the fibers produces compression or elongation in 
the fibers, according 

to the manner of its " 

application. A load _^^ ;-/-., _ _ ,_^ 

supported by a post ^-^- ~~ ' ~~~~~~ -^E 

produces compres- -^^^tL^ ■; _ _ ^S" 

sion, which tends to ~r - 

sliorten the length of 

the fibers of the post. If the load is suspended from the 

end of a rod, it tends to lengthen the fibers. 

The fibers of a beam supporting a transverse load, when 
bending occurs, are subject to both compression and elonga- 
tion. The first effect of a transverse load is to bend the 
beam, which lengthens all the fibers on the convex side and 
shortens all the fibers on the concave side of the beam, Fig. 5. 
The fiber at or near the center, which is neither lengthened 
nor shortened, is called the neutral axis. The neutral axis 
is generally assumed to pass through the center of gravity 
of the cross-section of the stick. 

34. Elasticity of Timber. — By the elasticity of tim- 
ber is meant the power of the fibers to assume their original 
position after being compressed or extended. The degree 
of elasticity is indicated by the quickness with which the 
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fibers regiin their original position when the load is takes 
o£E. Any change in the length or relative position of the 
fibers of the timber due to a load is called deformation. 
If the fibers do not resume their original position wbm 
relieved of the load, it is because the deformation has'exceeded 
the limit of elasticity of the material, and the load is then 
said to have produced permanjent deformation. 

Timber is permanently weakened by being loaded beyond 
its elastic limit. Deformity usually occurs before rapture 
takes place, excepting sometimes in a brittle material. 

85. Modulua (Coeftlolent) of Elaatioity.— Within tbe 

elastic limit of the material, the amount of deformatioa 
caused by a load is always proportional to the unit stress or 
fiber stress; that is to say, when the compression or exten- 
sion of the fibers is not so great but that they will retnm to 
their original length when the load is removed, the amottnt 
of compression or extension is proportional to the unit load* 
The ratio of the unit load or fiber stress to the compression 
or extension it produces per unit of length, in any given 
material, is called the modulus of elasticity, or sometimes 
the coefficient of elasticity. The value of the modulus 
of elasticity is given by the following formula: 

^ ^ V/ ^ J_ ^ fiber stress 



a L elongation per unit of length 

in which E = modulus of elasticity, in pounds per square 

inch; 
W= total load supported, in pounds; 
a — sectional area of timber, in square inches; 
I = amount of elongation, in inches; 
L ^ length of timber, in inches. 

The total load W divided by the sectional area a gives tbe 
unit load or fiber stress produced in the material; and the 
amount of elongation / divided by the length of the stick L 
gives the elongation per unit of length. 

To make the use of this formula clear, suppose that a post 
having a sectional area of 30 square inches is supporting s 



46 



TIMBERING 



21 



- 1 ton of 2,000 pounds per square inch; 



load of 30 tons, tbe unit or fiber stress produced b; tbis load 

. 30 tons 

30 square inches 
and suppose, further, that this load produces a compression 
of Ton of the length of the post; that is to say, if the post is 
100 inches long, the compression produced by this load is 
i inch. The modulus of elasticity of the material is then, 
2.000 , 






. 1,600,000 



If the modulus of elasticity of the material is known, the 
compression, or elongation, due to any load may be found, 
if the stress due to the load does not exceed the elastic limit 
of the material. 

POST TIMBGB 

36. Post timber may fail in one of two ways: by the 
crushing or furring of the fibers at the end of the post; by 
the bending and breaking of the post. In general, in thin 
seams, the length of the post is small and the diameter 
relatively large; while in thick seams, the length of the post 
is large and the diameter relatively small. In the former 
case, the posts are short and thick and will crash at the ends 
before they will bend. In the latter case, the posts are long 
and slim and will bend and break before being crushed 
at the ends. 

37. Crushing toad.— Since the load on a post acts 
parallel to the fibers, the unit load or fiber stress is found by 
dividing the load supported by the sectional area of the 
post. Or, if the ultimate unit strength of the material is 
Ttnown, the breaking load of the post or strut will be found 
"by multiplying the ultimate unit strength by the sectional 
area. When the load produces compression, the ulti- 
mate fiber stress is called the crushlns strength of 
the material, When the load produces elongation, the 
ultimate stress is called the tensile strenglli of the 
material. The least load producing crushing is expressed 
by the following formula: 
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in which We = least load that will crush post, in poands; 
Se = crushing: streng^th of timber, in poands per 

square inch; 
a = sectional area of post, in square inches 

= .7854 d'; 
d = diameter of cross-section of post. 

Example. — Find the least load that will crush the ends of a post 
6 inches in diameter and of such length that the post will crush before 
it will bend, assuming the timber has a crushing strength of 8,000 
pounds per square inch. 

Solution. — Substituting the given values in the formula, 
^^^8,00q(^^2i«!)=n3+T. Ans. 

38. Bending: Ijoad. — The bending load on a post is 
not determined so simply as the load producing crushing; it 
is expressed by the foUowiiig formula: 



W, 



=-(!)• 



in which Wt, = least load that will bend the post, in pounds; 
E = modulus of elasticity of timber; 
/ = moment of inertia of cross-section of post, 
referred to neutral axis through center of 
gravity of section; 
/ = length of post, in inches. 

A post may be square, round, or rectangular, or its cross- 
section may have any irregular shape. The strength of 
a post to resist bending depends much on the shape 
of its cross-section. A round post will bend with equal 
readiness in any direction, since its cross-section is a circle; 
a square post will bend most readily in a direction perpen- 
dicular to one of its sides; a rectangular post will beno 
most readily in a direction perpendicular to its longest side; 
a post of irregular cross-section will bend in any direction, 
depending on the massing of the material with respect to a 
longitudinal axis. 
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39. The moment of Inertia of a cross-section of any 
shape is an expression used in determining the resistance of 
a- Slick to bending. The moments of inertia of a circle, 
sqnare, and rectangle referred io each case to an axis xx 

Passing through the center of gravity of the figure are given 

"a Pig. 6. 



Shape of Cross-Sectio 




Moment of Inertia, / 



In these expressions, d is the diameter of a circle, the side 
'-^^ a square, or that side of a rectangle that is perpendicular 
*^::) the neutral axis xx of the cross-section, while b is the 
'^ther side of the rectangle parallel to the neutral axis, 

40. The values for the strength of timber, as published 
Viy different authorities, vary widely; due, in great part, to 
^.lie different conditions under which the timbers were tested, 
^t'or instance, some of the tests have been made on small, 
perfectly clear, and thoroughly dried sticks; others have been 
tnade on large commercial timbers containing knots, crooked 
grained, and in a green condition. It is well known that 
thoroughly kiln-dried timber is several times as strong and 
as stiff as the same timber when green. It is also well 
known that large slicks of merchantable timber containing 
knots and crooked grains are usually only about one-half as 
strong as small, clear sticks. The rate of growth of the 
timber also has a very appreciable effect on its strength. 
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In using valnet for fhe strength of timber, the 
under which the tests were made and on which the valaes 
are based must be considered. Unfortunately, there are no 
comprehensive tests of timbers under the conditions in 
which they are used in underground mine work; and in 
using strength values for mine timber, a factor of safety 
varying from 8 to 10 must be used, depending largely on 
the judgment of the person making the calculation. 

41* Table II gives the kinds of timber most commonly 
used in mining, the strength under crushing, under tension, 
under shear, and the modulus* of elasticity. The valaes 
given are taken, as far as possible, from the publications 
of the Forestry Division of the United States Depart- 
ment of Agriculture, Washington, D. C. The valnes of 
the crushing strengths are obtained from tests on small 
sticks of fairly clear material,, thoroughly dried. As the 
greater part of the timber used for structural purposes 
about mines and for supporting the roof never reaches the 
degree of seasoning of the tested ^peciihens, the values 
given are higher than t^ose that would be found by similar 
tests made on mine timbers. These values must there- 
fore be modified by the use of suitable factors of safety. 
The values for tension and shearing are those addpted by 
the Committee on Strength of Bridge and Trestle Timbers 
of the Association of Railway Superintendents of Bridges 
and Buildings, in its fifth annual convention, held in New 
Orleans, October, 1895. These values are also based largely 
on the reports of the Forestry Division of the United States 
Department of Agriculture. 

Example 1. — What is the least load that will bend a Northern spruce 
post 6 inches in diameter and 6 feet long? 

Solution. — Taking the modulus of elasticity for Northern spruce 
as ^ = 1,470,000 and substituting this value and the values for the 
moment of inertia, and for the length, /, in the formula in Art. 38) 
the least load producing bending in this case is 

IT. - 1,470.000 (^) (g-^) '-^ = 89.02 T. Ans. 
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**STiining a factor of safety of 3, the safe Ioe 

B,oa 

~3 — «^ 29.67 T. Ans. 

^Xamplb 2.— What is the safe beading load oq a Northern sprue* 
''li'a-re post iDeasuriug; 6 inches on each side and 6 feet lu leDgth, 
""aming a factor of safety of 3? 

SoLnrroN.— Taking the same modulus of elasticity, E = 1,470.000, 
*''*S substituting it, together with the value tor the moment of inertia 

"' a square I jg) , and the value for ;. in the formula in Art. 38, tho 

t load producing bending Is 

' 3 U2i [ax 12/2,000 

"felXAMPLK 3. — What is the sate bending load for a Northern spruce 

"**St having a rectangular cross-aeclion and measuring 6 inches on one 

^''i^ and 8 inches on the other, and fl feet long, using a factor of safety 

°E a? 

SotDTioN. — This post will bend in the direction of its least thickness, 

^-king the short side perpendicular (o the neutral anis and the long 

^*^« parallel to that aiis; hence, in this case, 6 = 8, rf = 6. ; = 6 X 12. 

'"l^suming the same modulus of elasticity as before, and substituting 

**^se values in the formula in Art. 33, the least load producing bend- 

n this case is 



= 60.38 T. 



n 



W, -- 



1,470,000 f^ 
201.51 



/ \6 X 1' 



■_1_ 

12/2,000 
67.17 T. Ans. 



= 201.51 T. 



42. In post timbering, it is desirable to determine such a 
diameter of the post relative to its lengtli that the timber will 
bresent the same resistaiice to crushing as to bending. The 
length of the post is practically determined by the thickness 
^f the seam or the height of the opening. The following 
fiile for determining the diameter of the post relative to its 
length is in common use: 

Kule. — /h order thai post timber shall present equal resistance 
to crushing and bending, the diameter of the post, in inches, should 
be equal to its length, in feel; that is to say, the diameter of the 
post should be one-twelfth of its length. 

considering sawed timber, it is common practice to 
a column as having a length equal to fifteen times its 
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diameter as presenting an equal resistance to bending and 
crushing; but for round limber the rule just given is the 
safer one, as it agrees quite closely with the theoretical con- 
siderations, as expressed by the formulas given in Arts. 37 
and 38, as shown by the following demonstration: 

If, in the expression for the bending load, If* = E/(~\ , 

the moment of inertia of a circle, as given in Art. 39, is 
substituted. 

if, then, this expression is placed equal to the expression 
for the crushing load, as given in Art. 37, 
m = 5, (.7854 d') 

<mr 

Solving the equation for ~ 



■^ 5, (.7864rf') 



To illustrate the use of this formula, calculate the ratio 
between the diameter and length of a post of Northern spruce 
timber such that the post will present equal resistance to 
crushing and bending. Substituting in the formula the values 
given in Table II, for the cnishing strength and modulus of 
elasticity of Northern spruce timber, the ratio of the diam- 
eter to the length of the post to fulfil the required conditions 
is as follows: 



= 1.273 .V 



.0786 



147,000 

In like manner, calculating the ratio of the diameter to 
the length of post timber for the woods given in Table II, 
the values given in Table III are obtained. 
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Wood 


Ratio 


Wood 


RflUo 


Ash 


. . .0S43 
. . .0888 
. . .b962 

. . .0868 
. . .0884 
. . .0742 
) 

- . .0803 

- . .0770 


Black or yellow oak . 


.0825 


Cedar (white) 


Live oak . 




Chestnut 

Oregon pine , . . 


Yellow pine (Southern 








Hicltory {Americao 
average .... 
Red oak 


Northern spruce . . . 
Spruce pine (Southern) 


.07&6 
.0B49 
.0965 









Expressing the diameter of the post as a percentage of Its 
length, for the timbers in Table III, this percentage ranges 
from a minimum of 7.42 per cent, in hemlock to a masimnin 
of 9.65 per cent, in black walnut; and the average value of 
the ratios for the timbers in Table III is .0846, or the average 
ratio of the diameter to the length of posts for all the kinds 
of timber in the table is about i^. 

43. Arching or Hoot Material. — As was explained ^° 
Methods ot Working, and as illustrated ,in Figs. 7 and 8, tl^* 




removal of the coal from a portion of seam results in the 
crevicing of the overlying strata. That portion of the cover 
immediately above the opening is broken into a mass of 
fragments varying in size and shape according to the char- 
acter of the material. Sandstone, limestone, conglomerate, 
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>«tc. break in large, irregular fragments, while shales, slates, 
etc. break in slabs and present a foliated condition. The 
loosened fragments in each case bind and wedge each other 
■as they attempt to fall, and there is formed a natural arch 
spanning the opening, as indicated by the dotted lines 
aeb in each figure. The height of this arch varies with 
the character of the overlying rock, being higher as the frag- 
ments are larger and more irregular in shape, Fig. 8. Where 




I1JI„ 



Fio 8 

he material breaks in slabs or is foliated as is the case with 
liales and slates, the arch is comparatively low and flat, 
,s shown in Fig. 7. 

Before the size of timber required to support this loosened 
aaterial can be calculated, it is necessary to arrive at some 
■I>proximation of the height of the arch. The height depends 
>i5 the cliaracter of the material forming the strata, and as 
*■ cannot be determined, it will probably be a safe approxima- 
•*on to estimate the height of the arch as equal to the span, 
^r the width of the opening. 

44. Tlie Loacl on Room Timbers. — Assuming, under 
Proper conditions of mining, that the general weight of the 
overlying strata rests on the pillars separating the openings 
in the seam, and that the underweight, or weight of the 
Joosened arch material only, rests on the timbers; and assu- 
jning, also, that the height of the natural arch formed in the 
roof above each opening is equal to the width of the opening, 
It is possible to estimate the load that will rest on the timbers; 

14B— 23 
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then, knowing the load on each timber, the diameter oF the 

post necessary to support this weight can be calculated b; 
the formula, 

\. 7854 5, 
in which d = diameter of post; 
C = factor of safety; 
W, = weight on each post; 

S, = crushing strength of given timber per square 
inch. 
For example, assuming the weight of the material forminz 
the roof strata to be 160 pounds per cubic foot, that the posts 
are set 4 feet, center to center each way, and that the height 
of the overarching material is equal to the width of the 
opening, 30 feet, the weight of material resting on asmrie 
post is then 

The crushing strength, S,. of the timber is taken from 
Table II, and a factor of safety is chosen, depending on the 
judgment of the person making the calculation. 

Example. — Calculate the diameler of posts required to timber M 
opening 30 feet wide under a sancl-rock roof weighing IW poundsper 
cubic foot, when hemlock posts are set 5 feet apart, and a taelot ot 
safety of 2 is used, assuming that the roof is broken for 30 feet above 
the Cop of the post. 

SoLOTiON.— The weight resting on each post is Wc = 160(5 X 6 X*) 
= 120,0001b. Then, using beiulock timber having a crushing sCi«n^li 
of 5,700 Ib.persq. in., the diameter of each post is 






L' 



An 8-iii. prop would be used. j 

45. Since it is seldom or never possible to determine the . 

height of the arch of loose rock, the size of timbers and 

their distance apart must usually be determined by the j 

practical experience of the timberman. " 

Since the length of post timber is practically determined 
by the thickness of the seam or height of opening, greater ' 
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economy is obtained in the use of timber when the diameter 
of the post is proportioned to its length, according to the 
rule given in Art. 42, so that the post shall present equal 
resistance to crushing and bending. The distance between 
the post is then made such that the load on each is propor- 
tioned to its diameter. 

Example. — Find the distance apart of hemlock posts in a S-foot 
seam overlaid with sand rock or limestooe when the opening is SO feet 
wide, using a factor of safety of 2. 

Solution,— Assuming, in this case, the length of the post equal to 
the thickness of the seam, and making the diameter of the post, in 
Inches, equal lo its length, in feet, according lo the rule g:Aven in 
Art. 42, the diameter of the post in this case is 6 in. Taking one-half 
of the crushing strength of hemlock given in Table II, the safe load 
each post will support in this case is »' = 5i^ ( .7854 X 6') = 80,682 lb. 

Assuming the height of the overarching roof equal to the width of 
the opening, the weight supported by the timbers is, W = 
= 4,800 lb. per sq. ft. 

The area of roof that each post vill support with safety Is then, 
80,582 ^ 4.800 = 16.79 sq. ft., and the distance of the posts, center to 
center. In systematic timbering is then, Vl(J.70 = 4.09, say 4 ft. Ans. 

In speaking of the diameter of a post, the diameter at the 
small end is always meant, since the post is no stronger, 
far as crushing is concerned, than the resistance oSered by 
the small end. 

BEAAfS 

46. Strength of Beams. — In the case of a beam, the 
load acts across the fibers and the longitudinal stresses pro- 
ducing compression and elongation in the fibers of the beam 
are not determined so simply as in the case of posts. In 
considering beams, it is custoinary to determine the break- 
ing load of the beam from the ultimate tensile strength 
of fiber stress of the material, thus considering only those 
fibers in extension. The least load that will break a beam 
fixed at one end and loaded at the other, or a cantilever 
beam loaded at its extremity, Fig, 9, is determined by 
the formula, 
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S —^8 

I 



in which 

ly = load supported by beam, in pounds; 
/ = fiber stress of material, in pounds per square inct*^:^- ■ 
/ = moment of inertia o£ cross-section of .beam; 
/ = length of beam, in inches; 
d = depth of beam, in inches. 
For a fantilever beam uniformly loaded. Fig. 10, multi,^^p/jr 
the result obtained m formula 1 by 2. 

4f/ 



\v= ■ 



id 



(2) 






For a beam supported at both ei 
and loaded at the center, Fig. 11, 
bply the rebult obtamed m formula 1 by 4. 

K'=^ (3) 

For a beam supported at both en^-*^* 
Pio u and uniformly loaded, Fig. 12, muUip^^^'' 

J tiie result obtamed in formula 1 by 8. 



For a beam fixed at both ends ar-^^^i^ 
"loaded at the center, Fig. 13, multJi z^ P^Tl 
the result obtained m formula 1 by 8 



For a beam fixed at both ends i 
uniformly loaded. Fig. 14, multiply tie 
formula 1 by 16. 
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ExAMPLB I.— What ii 



e safe center load for a nhite-oak collar 
bea.ni 8 JDches in diameter and measuring 8 feet between the notches 
ot- points of support, assuming, from Table II, for the ultimate fiber 
stress / = 10,000 pouuds per square inch, and a factor of safety of 3? 
Solution. — Substituting in formula 3, the values given above, and 
for / the moment of inertia of a circle referred to an asis through its 

center I— I . and multiplying by 4, for a beam supported at both 
^a<3s and loaded at the center, the least breaking load is 

'*' = * (Ixt""^) (w ^l)= ^'^^^ '**■• "'"'" ^•■'^ '^- ^°^- 

Example 2.^What load uniformly distributed will this collar beam 
»«Pport? 

Solution. — Assuming the same conditions in other respects, a uni- 
'ormly distributed load that will just break a beam is always double. 
^^ least center breaking load; hence, in this case, the beam will safely 
***I>port a load of 6.98 T. uniformly distributed. Ans. 

4 7. Relative Strengrth ol Round and Bquare Beams. 

^<^*- equal strength, the side of a square beam is but five- 
''^^^tlis of the diameter of a round one. If the formula for 
'■ t>eam given in Art. 46 is written, first for square and 
r^^»3 for round timber, by substituting for / the moment oi 
^^^i-tia of a square and a circle, respectively, then 



2^^ 



fd' 



Square timber, W = 73 X -^ = -^ 



Id 12 

^^ound timber. W =j^-X-£ 



32 i 



_^ tThen, to find the side x of a square timber that will carry 

^**-^i same load as a round timber whose diameter is d, the 

^*^gth I being the same. in each case, place the values of 

^•"^ given by the above formulas equal; thus, — - = -■- . 

^■y canceling equal factors and reducing, x = .838 (/. That 
*^ to say, the side of a square beam of equal span and 
strength is .83, or five-sisths, of the diameter of a round beam, 
*ti other words, a 5-inch square beam will carry the same 
^oad as a 6-inch round beam, and a 10-inch square beam will 
Carry the same load as a 12-inch round beam. Since, how- 
ever, a beam 5 inches square must be cut from a 7-inch tree, 
and a beam 10 inches square from a 14-iQch tree, there will 
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be no savins: but rather a waste of material in nsing: square 
timber on this account. It is, however, often necessary to 
know the relative strength of beams of different cross- 
sections; and this can readily be estimated by substituting 
the moment of inertia of the beams as above in the formula. 

48. Relation of the Diameter of a Beam to Its 
Strengrth. — Other things being equal, the strength of a 
cross-beam or collar varies as the cube of the diameter; 
hence, the strengths of two beams of the same length, but 
different diameters, are proportional to the cubes of their 
diameters. In other words, the relative strength of two 
beams is equal to the cube of the ratio between the diam- 
eters of the two beams. Thus, for the same span, a 
12-inch beam will carry eight times the load of a 6-inch 
beam. {V = 2; 2" = 8.) Letting IV^ and IV, represent 
the strengths of two beams of the same length and 6 and 
8 inches in diameter, respectively, 

IV, : IV, = (6)' : {8)\ 
^ = M' _ /3\" ^ 27 
W, \s) \4/ 64 

That is to say, for every 27 pounds carried by the .6-inch 
beam, an 8-inch beam of the same span will carry 64 pounds. 

Two pieces of square timber may be similarly compared, 
the strength of a square timber varying as the cube of 
the side. 

Example. — If an 8-inch round timber of a given span will safely 
carry a load of 5 tons, what load will a similar 12-inch beam, with the 
same span, support? 

Solution. — Calling the required load ;r, then x : 5 = 12 : 8 • 
:r /12\» /3\' 27 

;f = 5 X TT = 16.87, or 17 T., approximately. Ans. 

49, Relation of Ijeiigtli of Span to Strength ot 
Beam. — The strength of a cross-beam or collar varies 
inversely as the length of the span; hence, two beams other- 
wise equal vary in strength inversely as their lengths. In 
other words, the ratio between the strengths of two 
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Plains, equal and similar in cross-section, is equal to the 
''Averse ratio of their lengths. Thus, other dimensions being 
^'^ual and the beams similarly supported and loaded, an 
°-toot stick will carry twice the load of a 16-fDot stick. 

BXAMPLB,— If an 8-toot cross- 
load of 10 tons, what load will a 
^ and X2 feet long support f 

SoionoN. — Calling the required 



ar = 10 X i = 6! T. Ans. 

So, Relation of Other Dimensions to I^ensth of a 
*^*^OBs-Beam. — For the same total load on the beam, the 
^1t>e of the diameter of a round beam varies as the length; 
"•at is, for the same total load on the beam, the cube of the 
'"^tio between the diameters of two beams is equal to the ratio 
*^f their lengths. 

Similarly, for a square beam, the cube of a side of the 
**luare varies as the length of the beam if the load remains 
''^e same. 



Example 1. — Find the diamet 
**»at will support the same load a 
■^t the same material aod loaded : 

SoLOTioN. — Calling the required diameter x, then x" 

^ = 10 = 5- ^°^' 

:*" = 8"XiJ = 71fi.8, 

X = ^16.8 = 8,9+ 
EzAMPLB 2.— Find thi 
■^ill support thi 



ross-beam Id feet long 
ind stick :0 teet long 






, approiimately. 
de of a square cross-beam 10 feet long that 
as an 8-inch square stick 8 feet long of 
the same timber and similarly loaded and supported. 
Solution.— ;f^ : 8* = 10 : 8 

£| ^ 10 

l^^^i. The transverse strength of any beam, that is, its 
resistance to bendingf, is proportional to the product of its i 



Ans. 
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width and the square of its depth. This explains wbf 
teclanguiar beam laid on edge is stronger than the sanH 
beam laid flat, and also why it is better to increase the depti 
rather than the width of a beam in order to strengthen it. 

For instance, if Fig. 15 (a) represents a 6" X 12" beam l&u 
one^geaiidPig. Ifi {i) the Mune beam l«ktoD its ■ide.thareb 
tire ttreoeths o£ two beams, thai placed, .of tbe s^me maters 
■ ^rf* 6X18X18 13^ 
18X6X6 " 6 
tiiat ii, a beam of these dimensiooa placed as at Tig. 16 («> 
_« ,, twice as itrooK as a simi,- 

**" " I beam ot Ae same lens 
placed as at Fi£. IS (4) . 
If die load on a cn^i 
bcsni or collar is more 
less evenly distribnted o« 
th^ whole length of K 
beam, the load on thebes 
-...' T: . ,1 pmiu- - isproportionaltotheleoB 

of the beam. For eza: 
pie, a -16-foot collar nnder these conditions is assumed 
support twice the load carried by an 8-foot collar. 

From the formulas for square and round timbers given 
Art. 47, it is clear that the total load ^supported by a bes 

varies as — . If, now, w represents the load per imit 

length, the total load for a length /is zvl; therefore, sia 

pi/ varies as -r, w varies as — . Hence, for two beams 



(W 



/' /' 

the same material and similarly supported 
represent the loads per unit of length, w.w,^ 



which w and 



Under the conditions common to mining practice, for t: 
same roof pressure or depth of cover, the load per unit 
length on two beams would be the same, ot w = w,. Henc 



T^ - 4-.- Or. 



I other words, the cube of tli 



dl 

j: :1s-"" J' /,•■ 

ratio between the diameters of two beams uniformly loade 



Uq 



TIMBERING 



37 



la equal to the square of the ratio between the lengths of the 
two beams. 

It should be carefully noted that this last relation is true 
only when the load per unit of length is the same on both 
''earns. When the total load is considered, the rule given in 
A.rt, 48 applies. 



EsAMPi-B.— In a certain mice, 10-inch timber i 
''^a.ms where the entry is 14 feet wide; what sho 
"^ «iollars in the same mine where the width of Ihi 




used for the cross- 
Id be the diameter 
entry is 8 feet? 
■d diameter ot the S-foot collars bcjtr; tben 
and, 



..approximately. Aos. 
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BLNGIiE-STICK TIMBEBINO 



TIMBERING FLAT BEAMS 

52. The system of timbering used in flat coal seams 
^depends on the nature of the roof and floor and on the height 

and width of the opening. The term slnsle-sttck tlm- 
lieriiig, while strictly applicable only to timbering where 
one upright, inclined, or horizontal piece of timber is used, 
is commonly applied also to combinations of two or more 
pieces of timber that are put together more or less loosely, 
but without notching and jointing. 

53. Props. — The simplest form of timbering is a prop 
stood under any portion of the roof that is liable to fall. 
Sticks of timber that are used for this purpose are chosea 
with a view to the weight they are to sustain; consequently, 
they vary from large-sized to small-sized round logs, and in 
some cases a log is split into several pieces to malte what 
are called ipiii props. 
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A prop should be placed perpendicularly in a flat seam ^o 
that any weight thai comes on it may act vertically dovrtn- 
wards through the center of gravity, as shown in Fig. 16 (a ), 
and not to one side, as shown by the dotted line in Fig. 16(c-). 
A straight prop is always preferable to a crooked one, for if 
the stick is crooked, as in Fig. 16 (d), the fibers do not 
equally sustain the pressure and some fibers sustain more 
than their share, causing them to bend and the stick to 
break, or to fly out of place. For similar reasons, props 
should be squared at their ends and rest hrmly on the floo^i 
as in Fig, 16 (a), and not be placed as in Fig. 16 (e) or {<^')< 
for in the latter case only that portion of the prop to tX:^^ 




left of the dotted line sustains the pressure. If only ^ 
portion of the base is thus supported, the advantage o£ ^ 
large prop is lost; and, moreover the post will split, ber:»*i' 
or fly out when the weight comes on it. If the prop re^ts 
on a point, as shown in Fig. 16 (rr), this point will act a^ ^ 
wedge to split the prop. 

To avoid setting props as in Fig. 16 (t), (if), and (<r), aO-*^ 
to afford a flat bearing for the roof and floor, props are sawC^ 
square at the ends, made 2 or 3 inches shorter than tb^ 
height of the opening and wedged into place by a caP 
piece b made of strong plank. Miners frequently use an S* 
to cut down a prop when it is too long, but this is bad 
practice where permanent work is being done, because the 
ax leaves an uneven end and the full section of the timber 
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does not sustain weight; this will result eventually in the 
cap or prop splitting. 

The object in placing props is to prevent any sajr in the 
roof, or else to control the amount of this sag, and is not to 
sustain the whole weight o£ rock 
above the props; therefore, the 
wncection between the floor and 
roof should be rigid and unyield- 
"^C If the 'props were cut to 
"early the exact length, this could 
"ily be approsimalely accom- 
plished because the walls vary 
soiiiei but where wedge-shaped 
^I>s are used, rigidity is obtained. ''"'• " 

^^ many cases, props that are not thus placed are worse 
'ti^.nnone, for they invite injury by suggesting security. 

S4. Occasionally, when a prop is short or the cap thin, 
"Miners place the foot of the prop on a little built-up mound 
"* dirt, or on a foot-piece placed on a mound of dirt. Fig. 17, 
**^d then wedge the cap above. The practice is legitimate 





in long-wall mining where the roof necessarily sags, as 
shown in Fig. 18, and where props are withdrawn to cause 
the roof to fall; but in room-and-pillar mining it is poor 
practice and may cause disaster, for the dirt will give, par- 
ticularly where it is coal and slate, and this little may be 
sufficient to let the roof sag and break down. Some miners 
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place a plank on the floor for such short props and thw 
drive in the cap pieces. While this is better practice than 
the din mouDd, an even floor and thicker cap or even two 
caps are preferable. FJE- 18 also shows how the props oiaj 
be driven into a soft bottom, thus gradually relieving the 
weight on the prop without breaking tt. a and 6, Fig. 18, 
are short sprags used to support the face. 

55. Props Set Butt Up. — In some localities, the bnlt 
end of the prop is placed toward the roof in order lo 
afford more surface for the cap to rest on. This position 
is unstable and the slick is also harder to handle, but ihe 

butt end up gives greater bearinE 
surface at the point where the prop 
is wedged and driven. 

Whether posts should be set with 
their butt ends up or down is largely 
a matter of opinion, as practice dif- 
fers in different localities. Soms 
timbennen set the thick end down, 
whiJe others set the larger end 
against the weaker stratum, be it 
top or bottom. The sphttintr or 
i more apt to take place at the small 
end, and manj prefer that this should occur at the bottom 
rather than at the top where the cap or other timbers stb 
resting on the post. 

Soft-wood wedges, or caps, do not snap or break off bo 
readily as hard wood, and soft wood, by yielding, distributes 
the pressure more uniformly over the end of the post, m^ I 
hinds the fibers of the post together as a hoop, thereby 
lessening its tendency to split. 

56. Tapered Props- — Props are sometimes tapered, n3 
shown in Fig. 19, in order to reduce ihe strength of tlie i 
prop at the end so that it will crush or splinter at the tapered 
end instead of breaking, as the pressure gradually conies on ] 
the prop. This pressure is gradual and irresistible in long- ■ 
wall work until the roof settles on the packs. The tapered 
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ws the settlement to take place without injury to the 
lich sdil retains its strength and supports the loose 
i rock, which would otherwise fall. 




Draw-Slate Timbering:. — The slate above and 
coal beds is termed drn-w slate when it separates 

Tom the rock 

If the drr.vv 
lot more than 
■s thick, the 
n to follow is 
it down, since 
iected by the 

becomes too 



I be held up ^^^^^^§ 

jps; in fact, it ^^^^ 

. away about m.. m 

When the draw slate is from 3 to 6 inches thick, it 

mary to place props along the gob side of the track 

. sufficient distance from the rib to allow cars to pass, 

n in Fig, 20. These props are to hold up the draw 

erthe track and permit the remainder to fall into the 

a such cases, a large cap piece a. Fig. 21, extending 

■ track from each prop and with one end set in a hitch 

■ /' is then laid lengthwise 

■ver these caps. The 

I niss-bar is not usually 

connected to the prop by 

cut joints, but is merely 

laid on top of the prop and 

is therefore only a long 

cap piece with both ends 

supported. 

The sticks used for this 

purpose are about 6 inches 

''"' ■' in diameter; sometimes 

3ps are used, as this timbering is of a temporary 

;nd is needed only until the room is worked out. 
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When the draw slate is more than 6 inches thick, a roTrof 
stroDe props is placed through the center o( the room; pro- 
vided that the room is not more than 16 feet wide and tfv* 
slate is comparatively strong. Such an arracgement i* 
shown in Fig. 22, in plan, where a is the rib, b the tracl^^^' 
f the props, and d the gob. Should any cracks tl,gk t»^ 
found in the draw slate, this cracked area must be taken do«^' 
from over the track, otherwise it is liable to fall and leav^' 
the prop sustaining only a small portion of the slate i. 

68. Draw slale usually falls a little at a time, but it tna^^ 
fall across the room; if, therefore, the room is over 16 lee ^ 




wide and the draw slate is 6 inches or more thick, two rows 
of props should be placed, one a about 8 feet from the rib b, 
Fig. 23, and the other c about 15 feet from the rib b, the 
props c being staggered with respect to props a. The draw 
slate would thus be prevented from falling on the track and 
the falls would be confined to the gob side, as shown by the 
dotted line dd. On the other hand, if there were no props f, 
the fall might extend in between the props a b, as at e. The 
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distance apart of the props depends on the thickness and the 
Exact condition of the draw slate, but it is usually better to 
place the props at regular intervals. 

69, TcBtlujf the KooI.^Draw slate is treacherous and 

the miner should always sound the slate with his pick before 

Working under it. A small thin piece can make painful 

Wounds and often causes loss of life. If, on tapping it 

"ehtly, the roof gives a hollow or cracked sound, the slate 

should be taken down. If such slate be tapped hard, it may 

°^ cracked by the blow and 

|*^a fall hastened. Tapping 

'® not always a sure sign 

f*^ai slate will not fall, but 

. ^"- is the chief guide the 

ji^^inerhas to depend on and 

^'"ill usually prove the roof, 

^Scepting where there are 

kettles," or "bells," 

^, Fig. 24, which cannot be 

'^Selected by sound. Kettles 

^re fossils found in the roof 

^nd are conical in shape or like a truncated cone and are 

evidently the petrified stumps of trees. When the coal is 

inined from beneath them, tapping does not disclose their 

presence; but as the air gets at these fossils, they loosen 

and often fall without warning. 

60. Slips In tlie Roof, — Certain roof rocks, such as 
sandstone and slate, are often jointed or cracked, as is 
shown in Fig. 25. Such a roof is very dangerous to work 
under, especially where the slips are inclined backwards over 
the miner, as shown, for the miner is not warned of the 
presence of such a slip until he has undercut the coal, which 
will fall and allow the slate to fall also. 

When the roof is known to be of this character, the props 
should be close together and should be kept as close to the 
face as possible. Fig. 25. A long cap piece is used to sup- 
port the rock on both sides of the crack. The position of 
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Ihe post with reference to the crack will depend on theinci^ 
nation of the crack. For instance, if the fracture, as a. Fig. 25, 
is vertical, the post /> should be directly under it; but it 
inclined, as Bhovyn at c, the post d may be under the point of 
a „ the piece of rock. 

The post should be 
vertical and the cap 
driven into place by 
a sledge or maul so 
that a rigid connec- 
tion is made from the 
roof to the floor 
through the post. 

61. If the props 

^^^^"^ " p^^, ^ are not kept well uV 

to the face under * 
cracked roof, but are allowed to !ag behind, as is so ofte* 
done, a serious accident may result, as is illustrated ^' 
Fig. 26. A prop with a large cap should be placed ' 
a crack shows, par- 
ticularly if the roof 
slate is thick. The 
cap is usually larger 
and thicker than in 
ordinary prop tim- 
bering under a uni- 
form roof and is 
usually placed at 
right angles to the ^S 
crack. The prop 
must be strong and 

able to sustain the weight of the broken piece of rock abovCj 
for such rocks have no tenacity and almost their entire weiffht 
will rest on the props. 

62. Sometimes the caps are made long enough to rest 
on two props, as shown in Fig. 27. The caps a are placed 
on the props />, but are not notched as in two- or three-stick 






I>leted and the track removed, such timbering may be drawn 

and saved for future use, the roof then being allowed to fall. 
1 1 may be necessary, in some extreme cases where the cross- 
ioints occur, to have two 

■ els of cross-bars, one 

icross the room and the 

*Dlher parallel to the ribs. 

In narrow places, a cross- 

■fcar set in hitches in the 

lib on each side, as shown 

in Fig, 28, may be used to 

support the top; in such 

cases, the hitch made at 

one end must have one 

side inclined so that the 

stick of timber may be ''"- ^ 

driven into place. It is frequently wedged at the ends in 

order to keep it solidly in its place. 
63, Timbering is varied to meet the conditions of the roof 

at each mine; therefore, at mines with good roofs, but little 

140—24 
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is needed, but it is always safe practice to timber under SHei 
in the roof, as these suggest the bed of a stream of water in 
the past and an opportunity ior its accumulation in the pres- 
ent; in fact, ill flat beds, water is nearly always encountered 
in depressions of this kind. If the roof and bottom are both 
hard, the props are driven in as solidly as possible, the num- 
ber of props used and their arrangement depending on the 
width of the opening and the nature of the roof, whether itis 
firm or shaly. In long-wall work, where the roof is allowed 
to settle gradually, the props may be set on mounds of dirt, 
as shown in Fig, 17. Where the roof or the bottom is soft, 
extra large cap pieces or foot pieces are used, so as to pre 
as great a bearing surface as possible between the top or 
bottom and the props. 

64. Hupportln)? tlie Coal Web. — As the coal is beioE 
undercut, it is usually necessary to support the web of coa) 
over the miner's head to prevent its falling on him. The 
simplest method of doing 
this is by means of a spfOS 
a. Fig. 29, which may be 
placed either at the open- 
ing of the undercut, or 
may be placed within the 
undercut. 

The combination of tim- 
bers b c used for support- 
ing the face is termed ^ 
•^•^-^ cot'kernieg. It consists 

of two braces b between which a horizontal stick of timbers 
is placed along the face. If the angle that the braces * mal-^ 
with the vertical is less than 20", they will not slip and they 
may be driven tightly against the roof and floor so as lo bear 
against the stick c. If the braces b are placed at a greater 
angle than 20°, the ends should be put in hitches as showO' 
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SINGI^-STICK TIHBERIMO IN IKCLINBD SEAMS 

35. When the bed is inclined, the props are usually 

lined up the slope and are not placed at right angles to 
! roof and floor, as in a flat bed. The object of so inclining 
)ps is shown in Pig. 30, where u is a prop at right angles 
the roof and floor and i is a prop given an undersetting., that 
a slight inclination up the slope. Any movement of the 
)f will cause the prop a to move in the arc shown by the 
tted lines and fall down. l')ii ilii.- wiIkt iKind, any inove- 
;nt of the roof will tend 
cause the prop b to move 
the arc shown and crowd 
:ainst the roof, thus pr 
:nting it from fallini, 
idersetting is admissible 
I a pitch, because the 
op does not transmit all 
e pressure from the roof 
the floor, as in flat beds; 
f b the flat bed the pres- 
re is directly on the prop, 
lile in the pitching bed 
! pressure on the prop 
-reases as the inclination " 

the bed increases until the bed is vertical when the pres- 
e becomes zero, 

V prop in an inclined position, particularly where the 
linalion is steep, is sometimes called a stiill in coal mines, 
i is nearly always so called in ore mines. 
Q Fig, 30, let P represent the pressure; this may be 
olved into two components, one acting in the direction c 
'allel to the dip and the other in the direction d perpen- 
tilar to the dip. The component c is resisted by the 
■k in place below it and the component d by the prop. It 
evident that the more inclined a bed is. the more closely 
' direction of the pressure P will approach the component c; 
d that, when the bed is perpendicular, P and c will be in the 
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same line and there will be no pressure in the directiofi^ 
When a bed is verlical or very sieeply inclined. stnUs, or 
cross-beams, wilt be needed to prevent pieces of loose roct 
from falling from the sides. 

66. To prevent the coal from falling on the roadway, 
it is also often necessary to place a series of props as shou'n 

Q Fig. 31. Tile prop 
, a is underset, its fool 
mg placed in a 
hitch in the floor. 
Part of tlie draw slate 
b IS taken down 'o 
prevent its falling an^ 
the remainder is he\il 
up by the prop a anL* 
V I , f% *=^P ^- To preveo-^ 
'''' V/^ the coal from falling 
Fm-si into the gangwa^ 

the props 3re placed short distances apart and covered ov^ 
with stout lagging d. It is necessary to wedge the foot (^ 
the prop and drive the cap c m 
tightly: then, any movement of 
the roof will tighten the jomt ,. 
between the prop and the cap 7 

67. If the seam is very | 
steeply inclined, so there is 
danger of the cap between the 
roof and the prop slipping out, 
a hitch is cut in the roof rock so 
that the prop may have roi.k 
rests at each end. The pres- 
sure that the prop then has to Pia.82 
sustain is from the coal, and the prop is in the position of a 
beam uniformly loaded along its length. This system. shown 
in Fig. 32, is the belter method in highly inclined beds, but 
the hitches cut in the roof must be at least 12 inches deep 
and the prop thoroughly wedged at both ends. The object 
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t>l wedging timbers when placed in such positions is to give 
IhEm stiffness, for if they bend they will eventually break; 
hy wedging the ends, the bending is, in a great measure, 
prevented. 

68. Fig. 33 shows the method of timbering a wide coal 

fed at one mine in Pennsylvania. The logs a were about 

20 feet long and IS 

inches in diameter at H , 

"le top. They were 

placed 8 feet apart 

^n<3 lagged with ^ 
'ich round sticks 
Handling these sticks 
«n d placing them 
^^le laborious oper 
^ti«ns and the meth 
* «3 is not recom 
»* ended. 

69. The use of 
^*Egle props for tim- 

"Oring deposits exceeding 12 to 1.5 feet in thickness is limited, 
^st lai^e, heavy timbers must be handled in such cases, 
**laiinE the system an expensive one; furthermore, the resist- 
ance of a prop to bending is not great when the length is 
-*>30re than twelve to fifteen times its diameter. 



TWO-STICK TOLBKKING 

FLAT SEAMS 

70. Poet and Bar. — Two limbers may be joined in a 
variety of ways and used for supporting the walls of mine 
excavations. Fig. 34 shows a hitch a cut in the coal to 
receive the cap b. This hitch should be 12 or 15 inches deep 
and only high enough to receive the cap. The post c is then 
. close to the rib d and made firm by the wedge e, after 
the wedge { is fitted in place. Care must be taken 
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when inserting the wed^e / to see that the coal on wbtch it 
rests is even, for otherwise the wedging will break donii the 
coal; it is safer, when the coal is soft, to place a plank in 
the hitch, which is made longer than the width of the bar, 
and then to drive wedges 
between the bar and the 
plank; this arrangement 
offers more bearing sur- 
face on the coal. The same 
kind of timbering may be 
placed over the roadways 
in rooms, as is shown in 
Fig. 21. 

''"'**' 71. Post, Bar. and 

liagKlng,— Where the draw slate is to be supported, it maj 

be necessary to use lagging in connection with the post and 

bar. Fig. 35 shows the method often advised for timbering 

under such conditions, and while it may do well enough in 

hard rock it is not suitable for coal mining. In the first 

place, the bar a rests on a small 

piece of coal f>, which a little 

pressure will breakdown; hence, 

with such timbering, the rib c 

should be vertical. In order to 

drive the lagging d over the bar, 

the draw slater has been gouged 

out, which is bad practice, since 

it weakens the roof and permits 

water to come on to the road- fig. as 

way- The leg /is slanted; consequently, it is not so strong 

or capable of sustaining pressure as it would be if stood 

upright. The coal from the rib ff is apt to fall into the 

gangway, in time, to a greater extent than would be the case 

were the rib made vertical. The proper method in such 

situations is similar to that shown in Fig. 34, where iheribs 

are straight, the post is set vertically, and the roof is not 

broken. Lagging, if required, may be extended from ope 
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bar to the next, these being placed at distances apart that 
depend on the thitkness of the draw slate. The lagging at 
the corners of the bar act as wedges and should be driven in 
with particular care, as they will exert a great influence in 
stiffening the bar, 

72. Instead of having Ihe post the full height of the open- 
ing, a method sometimes used is to have short posts set on a 




ledge in the coal. Fig. 36, or on top of the coal when the top 
rock is taken down, as shown in Fig, 37. 

INCI.INEI* aBAMS 

73. Fig. 38 shows a method of timbering that may be 
Hsed in thin coal beds that 
are not highly inclined and 
Wtiere the floor must be 
blasted in order to obtain 
headroom in the entry The 
coal would fall on the enlrv if 
the collar a were not lagged 
over. The pressure /i on the 
collar a is resolved into two 
components, one acting at 
right angles to the collar in 
the direction of the arrow b 
and the other parallel and 
lengthwise of the collar in the 
direction of the line c. To stiSen the collar, it must be 
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Ihoroagbly wedged at d and at its joint with the leg e, by 
wedges /. This is a good fonai of timbering, prorided that 
the wedges ( are tight so that the greater part of the pressnre 
on the collar will be transferred along the leg e. The beveled 
joint will become tighter if the side pressure from tbe coal 
increases. 

74. Fig. 3d shows a similar form of timbering where the 
roof is supposed to be strong and where there is very llitk 
roof pressure. The joint between the post/ and tbe bar or 
collar & is a weak one, acd is not nearly so stronf ftStbcDiic 




shown in Fig. 38, where wedges are used. This arrange- 
ment is intended more to keep back the coal than to support 
the roof. 

75. Inclined Timbers. — A post or prop will support a 
greater load than a beam, since a post is under compression 
while abeam is under shear and the compressive streaglhof 
wood is greater than its shearing strength. Consequently. 
timbers arranged as shown in Fig. 40 (a) and {b) are 
stronger than the beam shown in Fig. 40 (c). The grealer 
the inclination of the timbers, the greater is their strength, 
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^tise the greater the inctination, the more nearly do they 
approach the action of posts iu their resistance to pressure. 

76. Fig. 41 shows a case where one of the timbers a 

's niore steeply inclined than the other. The pressure P 

applied at the point c 

and represented by the 

.•^e cd may he resolved 

'^^'^ two components. ff, 

*^ting along the length 

the timber a. and cf 

**^^*Qg along the length 

°^ the timber 6. The 

''*^e3 ce and c f may, in 

,^'"»^, be resolved into 

''izontal and vertical 

^,**lponenis, as shown. _ 

*ice c^, the vertical 

'^ of c<.; is 



*3]ponent 
^''^ater than c^. thi 
^^'Seives a larger a 




vertical component of c/, the timber a 
ount of the pressure applied at c than 

'cs the timber f>. 

In a mine, however, the pressure is usually distributed 
over the tjmbers, and 
the less inclined of 
the limbers may be 
subjected to a greater 
shearing stress than 
the more steeply in- 
clined one. These 
points should be 
borne in mind, as it 
IS often necessary to 
use timbers in this 
way in the mine. 




77. Fig. 42 shows 
where the coal seam i 
order to obtain headro 



system of two-stick timbering 

arrow and the bed inclined. 

it is necessary to cut away a 
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portion of the foot-wall a. The top rock, or baneiog wall, ^n 
good, but to prevent the leg c being pushed into the road~fc:>ed 
the foot of the leg is placed in a httdi in the coal and -^ie 
joint with the collar d is notched as shown. The collar as^" is 
lagged to keep the coal from falling on the roadway. If 'tie 
top rock b is poor, the leg e can also be lagged. Seaso»:^ *3 
laggiug should be used in such places, and split lagg-i^»iB 
with the flat side laid in is preferable, since the rounded s£-^^ 
is stronger in compression than tension. 
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THREE-STICK TIMBERING 

78. Timber Sets. — When mine passageways have tl» 
weak sides, timber sets are used. Each set is compos ^d 
of two les's ". Fig. 43, which support a cap piece b, T^^ 

I distance apart of t3ne 
sets along the eatry 
depends on t t» e 
nature of the n]atex*i3J 
to be snpporte ^• 
Where the walls stct 
very weak, the s«ts 
may be placed elaa 
to skin, as showr* i" 
Fig. 44; ordinairily. 
''"=•« however, they ^re 

placed from 3 to 4 feet apart, and if the ground is lo<^se, 
lagging c is placed back of them, as shown in Fig. 43. 

Three-stick timbering is sometimes called double iimber-^^t 
a designation that is used for it in South Wales. The t^™ 
double timbering, however, usually signifies a duplicatioO of 
timbers, either one set above another, one collar above 
another, or one prop in front of another, to give douWe 
support, 

79. Limiting Anglo of Resistance. — In Fig. 43, Ihe 
legs of the timtrer set are inclined so that the pressure com- 
ing on the collar is transmitted equally to both legs. If the 
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l^Es were placed at different angles, the pressure would 

^ar unequally on them, the greater pressure coming 

°Q the leg making the smaller an^le with the vertical. 

^e tendency for the foot of a post v -^liiJ iiicix'Lises with 

^e inclination; and if 

the angle between 

"*G post and the ver- I 

*'ca] is more than 20°, | 

the post is apt to slip, 
°^t the legs are not 
^t^t [o spread on a 

®^cl rock surface 
^lie;n this angle is 
^sa than 20°. It is. j 
, Ciourse, possible to 
- ^'^ck the foot of the 
^ against the side 

* the gangway, but even then the horizontal pressor* against 

/^^ foot of the post increases rapidly and it is advisable 

keep the inclination of the legs less than 20° from the 

^^rtical. 




80. Placing 'Timber Sets. — It is important in the > 
**~aming of a set of timbers that the joints between the two 
Pieces of timber be accurately cut so that the bearing f 
^aces are in close contact. The lower end of each leg must 
^Iso be cut so as to be in contact, over its whole surface, with 
the floor in order to get the full benefit of the cross-section 
Kii the timber. An experienced tirnberman will usually cut 
these ends by eye, but a templet is sometimes used to get - 
the proper angles; sometimes, the timbers can be framed 
entirely on the surface so that they arc ready to put in 
place when they are delivered in the mine. In wedging the 
cap piece, care should be taken that the wedges are driven 
as uniformly as possible over the full length of the cap 
piece; for if some wedges are driven more tightly than | 
^ers, the weight will be concentrated at these points, at | 
I place the cap is apt to brealc. In placing wedges, -J 
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care should be taken to properly secure the roof wit 'Miout 
throwing an unnecessary strain on any part of the tir:»ber 
set. 

81. Timber Joints. — Fig. 45 shows adjoint sometimes 

used to resist pressure from above 
— ^ rather than from the side. The 
^ joint is objectionable from the fact 
' ""^ that continued pressure on the col- 
lar a will cause it to sag, and thus 
laising the scarf d of the joint from 
the post c will throw all the weight 
on the part d. This has a tendency 
to split the post c and the cap ^, as 
shown by the dotted lines; if this 

occurs, the entire weight is thrown on the collar above the 

dotted line ^, and on the part of the post to the left of dj the 

part d and that below e being useless 

in sustaining weight. The same 

bending trouble will take place, but ^ 

to a lesser extent, if the timbers are 0{ 

joined as in Fig. 46, unless the wedge 

/ stiffens the collar sufficiently to 

i:)revent its bending; it is doubtful, 

however, if sufficient stiffening would 

occur when continued heavy pressure 

comes on the collar. In case the 




Pig. 45 




e 



a 



\ 



m/^ 



Pro. 46 



collar a bends so as to open the joint d, the upper part abovc 
,-®9S)>.J9f9S^ ^' i^ useless for sustaining pressure- 

The side wedge g- is intended ^^ 
keep the joint tight. 

82. The joint in Fig. 46 i^ 
better able to withstand pressure 
from above than that in Fig. 45, f^' 
the pressure is along the fibers oi 
the post c and not across them. 

The joints in Figs. 47 and 48 
have proved very satisfactory in practice, as the timbers are 
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apt to split as when the joints shown in Figs. 45 and 
re used. 
the cap begins to sag, there is much less chance for the 
t shown in Figs. 47 and 48 to open than there is with 
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joint shown in Figs. 45 and 46, as there are no sharp 
es in the Joint between the timbers a and c. The pres- 
also comes on the faces 6, d of the joint much more 
oimly, and the absence of the heel or sharp corner in the 
: also greatly re- 
:s the tendency of 
~ap to split along 
iotted line. 
3. In case the 
e pressure is 
i-ter than the top 
■ sure, the leg is 
:n an inclination 
than 20° from 
vertical and a 
"hle-notched jaint 
lade, as in Fig. 49. 
Sfoot of the leg is ^"^-^ 

:ed in a hitch in the floor to prevent its being pushed 
'ards. 

(4. Fig. 50 shows the method of timbering when the 
rle of dip is great, the bottom hard, and the seam is not 
:k enough to give full height for the entry. This method 
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avoids the cost of taking out enough rock to get in a set ( 
timber having equal legs. The shorter leg / is given a fin 
hold on the rock bottom. 



85. Fig. 51 shows a form of timbering used in pitctkini 




seams where the coal i 
than that req'^ 



oft and falls to a height greater 
„ftiy The leg I on the iiigli 




side is made long enough to reach up to the roof to suppof* 
the lagging a, a, which keeps the soft coal from contianall^ 
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Sown into the gangway. The collar c strengthens 

2g /. The coal is allowed to fall off on the low side 
s no lagging is necessary. 

'. Fig. 52 shows the method of timbering the levels in 
pitching seanis, when the top is supposed to be weak. 
legs /, I and the collar c are made of round timber about 
ches in diameter, and are so jointed together that the 
■ c will stand great pressure. The lagging o, a consists 
und poles taken direct from the woods, and usually from 
> inches in diameter. The poles are used to keep the 
coal and roof from falling between the sets of timbers, 
1 are from 3 to 5 feet apart. Where the lateral pres- 
is slight, planks ^,^ are used. The road is made level 
ling in the low side with refuse t, as shown in the figure. 



FOUR-STICK TIMBERING 

'. Pressure may come from both sides and from the 
and floor of an excavation, in which case it will be 
isary to use four sticks 
timber set and either lag 
,d them or place them 
to skin. A method of 
ng such sets is shown in 
53. In some instances, 
egs are tenoned for a 
se in the sill, but this is 
pessary if the angle the 
nakes with the vertical Piq. 53 

not exceed 15°, which, according to Morin's experi- 
s, is the limiting angle of contact of oak on oak when the 
j of the moving surface are perpendicular to the surface 
ntact and those of the surface at rest are parallel to the 
tion of the motion. In Fig. 53, the moving surface is 
'wer end of the inclined leg and the surface at rest is 
•ortion of the sill on which this end of the leg rests, 
•riction of two surfaces that have been, for a consider- 
time, in contact and at rest, is different not only in 
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amount, but also in nature from Ihe friction of surfaces in 
continuous motion. A jar or shock producing an almost 
imperceptible movement of the surfaces of contact causes 
the friction of contact at rest to pass to that which accom- 
panies motion. 

88. If the leg a. Fig. 54, is let into the sill l> as shown, 
the pressure p along the leg 
may he resolved into the two 
components cd and ce. The 
more nearly vertical the leg a 
is, the greater will be the com- 
ponent cd, which is resisted by 
the cross-grain of the wood, and 
the stronger will be the joint. 
The tendency of the leg a to shp 
is also less the more nearly ver- 

** ''"'-" ticalflis. If Ihe leg rt is bent 

inwards, the heel / acts as a fulcrum of a lever and the 
comer f tends to split ofE the block above the line ejf. 

89, If the leg a. Fig. 55, is jointed to the sill 5 as shown, 
there is less danger of its slipping or of its splitting i 
timber than when the joint 
shown in Fig. 64 is used. The 
pressure fi acting along the leg 
a. Fig. 55, can be resolved into 
the two components, one cd 
acting vertically and across the 
grain of the wood, and the other 
ce acting parallel to the grain of 
the wood. In this case, if the 
leg a bends toward the right, 
the tendency is for the heel / to 

split the sill along the line /,?, but the length of wood i 
fg in this case is longer than the length of wood fiber eg in 
the joint shown in Fig. 54, and there is, therefore, not the 
same danger of the block above Ig splitting off. Again, in 
case of a sudden shock, the wood tends to slide along the face 
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f h, that is, perpendicularly to the direction in which the pres- 
sure is transmitted along the leg. The timber a conld not, 
therefore, slide on the timber b as readily with the joint in 
Fig. 55 as it could with the joint in Fig. 54, where the angle 
of inclination between the faces of the timber is greater. In 
other words, with the joint in Fig. 55, there will be much 
more friction between the faces of the timber to oppose 
movement than with the Joint shown in Fig. 54; and to start 
a movement of the leg, the jar must be much more severe. 



TIMBEKING TURNOUTS 



. are usually from 12 In 16 



90. Turnouts, in coal 
feet wide. Sometimes :; s 
sufficient to support t^- 
the roof. If the span ' " 
is not too great, 
cross-timbers set in 
hitches, as illustrated 
in Fig. 28, may be 
used. It is generally 
better, however, to 
support the cross- 
timbers by center 
props, as shown in 
Fig. 56. 

91. Fig, 67 shows a very common method of timbering 
a turnout and is an adapt- 
ation of an ordinary three- 
piece set used for narrow 
passageways with the ad- 
dition of the center post to 
strengthen the cross-tim- 
bers. The use of such ■ 
center post permits a smal- 

ler and lighter cap piece to 
be used. This same system of timbering i» frequently used 
on slopes. 
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92. Another method of timbering turnouts is shown in 
Fig. 68, where the center post is discarded anJ io its place 

five other timbers are 

used. This system is 
used ia Europe and 
might find favor in some 
positions in American 
coal mines. The ordi- 
nary three-piece sel 
composed of the tim- 
bers a and b is first pnl 
in place and this is re- 
enforced by the timbers 
c.tl, and c. The objec- 
tio/)s to this system of 
""'" limbering are its cos! 

and its interference with the air-current, when placed on 
haulageways. It is a serviceable method of timbering 
stables and engine rooms below the surface. ^^| 




TIMBERING SWELLING GROUND ^^ 

93, S^relllng ground is ground, such as fireclay, thst" 
when exposed to air and moisture, softens and swells. It 
gives but little trouble during excavation, but soonbeginsto 
swell and to fill up the roadways. It is particularly trouKe- 
some where a thin seam is mined and it is necessary to lift 
the bottom or take down the top to give suflScient headroom. 
At times, nothing seems able to resist this swelling action 
except the removal of the material, and this may only be* 
temporary relief. 

In timbering an opening through such ground, the best 
method seems to be to use fairly strong timbers and to eB* 
vate some of the material behind them whenever the fiweU- 
ing begins to exert too great a pressure on the sets. Th* 
lagging is usually light and open in construction, and by it* 
bending or breaking, the miner is warned that the sets arein 
danger of being crushed and must be relieved. In aoioe 
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cases where the pressure is not so great, strong timber sets 
I^laced close together will be able to resist the pressure. 
Slin-to-skin timbering, illustrated in Vie. ^■'i or any of the 
forms shown in Figs. 43, 50, and 52, with the sets placed 
cilose together and closely lagged, may be used. Double sets 

of limber, one outside the other, are also sometimes used, 

or sets placed inside, as shown in Vl'j. o'.). The l(.ii;;itiKliiial 

timbers a, b are usually about 

10 feet long, though this \ 

length is varied to suit the 
ground. These are tempor- 
srily held in position while 

'be struts c and d and the cap 

piece e are driven into their 

Permanent positions. The 

Jower ends of the struts c are 

^^t away from the timbers 

°'" the purpose of further 
^'lengthening the resistance 
*° lateral pressure. Fio.m 

Lagging may be placed behind either of the reenforced 
**ts of timber illustrated in Figs. 58 and 59. 



DBAWINO TIMBER 
_ 04, Beasons for Dra^vlng Timber.— After the neces- 
*'ty for supporting the roof has passed, the timber is some- 
"tties cemoved, or drawn. This is done to allow the roof to 
'^U and thus relieve the pressure on the pillars, or else to 
"rfng the overlying weight on the coal face in the long-wall 
■Hethod of working. The props are also sometimes removed, 
"> order to save the timbers, as a prop can frequently be used 
several times; and even when it is broken it can be utilized for 
'^^Ppieces or in building chocks or nogs. After the timber has 
"een withdrawn, the roof settles regularly and the pressure 
^° the coal face or on the ribs of the pillars is relieved. 
_ this is not done, the pressure on the face becomes exces- 
^^e and the quantity of lump coal obtained is decreased, and 
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the amount of slack is correspondingly increased. In on 
to decrease this pressure on the face, the timber shouailc 
be removed as quickly as possible, consistent with saf^ ty. 
Although timber drawing is dangerous work, the danger of 
a creep or squeeze may be greatly increased if the timber is 
not drawn. 

95, Great judgment and experience are required to adopt 
the best order of drawing props, especially where there is a 
considerable area of waste. It may be best to leave a few 
props behind to assist in recovering the others with a little 
more safety. Where the top is too dangerous, the props 
must not be drawn if there is danger to the workmen in so 
doing. Removing one prop sometimes starts the roof, which 
falls, bringing a number of posts with it. The props in the 
rear row should be drawn first. Not more than one prop 
should be drawn at a time, and there should be perfect silence 
while this is being done. There should never be less thstti 
two or three men present who take part in this work. 

Timber drawing in connection with the cutting down ^^f 
tap coal requires more care than ordinary timber drawin ^» 
inasmuch as the object is not only to draw the props, butal^^ 
to get out as much coal as possible. 

96. Methods of Drawing. — Timber is drawn in sevef^^ 
ways. The tools and appliances used for this purpose 2lT'€ 
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Fig. 60 

shown in Fig. 60. The first thing to be done in drawing a 
prop is to loosen it at the top or bottom, depending on which 
point is the more accessible and the ease and convenience 
with which the work can be accomplished, by means of a 
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JOT e. or drill d. With a cornparatively safe roof, 

fie prop is knocked out with a hammer h or a maul in after 

all loose pieces have been carefully removed. Where the 

top cannot be depended on, the workman jumps back imme- 

iaiely after the blow is delivered ou the head of the prop. 

The blows are repealed until the prop falls, but between 

blows the workman waits and listens for a sign of the roof 

giving way. When the prop falls, one of the workmen 

promptly sticks his pick p or jabber j into it and drags it out, 

''■ithout having to go under that portion of the roof from 

"'"'ch the support has just been removed. In many cases, 

'"^prop, after having been loosened with a pick, is loosened 

^'''J further by hammering, after which a dog and chain i are 

applied from another prop, at a safe distance, and the prop 

PuUed out with safety, as shown in Fig. 61. 




97, When the foot of the prop is inaccessible or the 
post is heavUy weighted, it is cut with an ax x. Fig. 60. 
This is a dangerous practice, especially in thick seams, and 
quite unnecessary, because the work of "throwing" the 
props can be done safely and in a thorough manner by 
boring a shallow hole in the prop with an auger and insert- 
ing therein 1 inch of a stick of dynamite, by whii:h the prop 
is broken up. 

In cases where only the bead of the prop is acceHsible, a 
dog and chain are applied to it in such a way &» to draw it 
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The chain is ihrown around the prop and forms 
noose, as shown in Fig. 61; to the other end of the chain, Etiz:::^ 
dog is fastened and placed against a prop near the one th^ ^ 
it is intended to draw. The grip of the chain tightens ^^ 
the force is applied to the dog and the post is loosen. ^^, 
as shown, ■ , 

98. An additional help in use at some collieries is sho ^»v^ 
in Fig. 62. It consists of a rope 7 yards long, with a hooj 
attached to it. The end with the hook is lashed around tlxe 
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prop that is to be drawn, and the other end is secnrel— J^ 
fastened to a firmly set prop some distance away. Aft^^^-**! 
the prop has been sufficiently loosened, or while it is beiiu- ^ ■ 
hammered, or while the dog and chain are being applied, ^ 
sudden jerk, produced by one or two men throwing the"ir 
weight on the tightened rope near its middle point. wsW 
greatly help to loosen the prop and enable the men tc draff 
it out immediately and with safety. 

TAKING TIMBER INTO A MINE 

99. Lowering Timbers Down a Shaft. — Timbers 
are usually taken down the shaft or slope on the car- 
riage or slope car, unless they are too long to be thus 
handled; and in that case special devices are used. It is not 
safe to lower a timber down the shaft or slope when it 
is held merely by a rope hitch, since rope hitches are apt 
to slip and the timber to catch in the side of the opening. 
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When the timbers cannot be taken down on the carriage, 
Ihey are frequently suspended beneath the carriage; and for 
Itiis purpose there are a number of devices used. 

Fig, 63 shows a clevis used for this purpose. A hole is 

"ored through the timber about 1 foot from the end, and 

through this and the eyes in the clevis a bolt is run. A nut 

'S screwed on to one end of the bolt and the clevis and stick 

fire suspended from 

''eneath the cage, or 

"■Ona a hook in the hoist- 

'"S rope if no cage is 

"^e^l. A short piece of 

'"'*£>« is spiked to the 

""^'V-er end of the timber 

'** that the log can be 

^^ adied before lower- 

^; and can be drawn 

\l^ "to the level atsthe 

"■lEom of the shaft. 

^^^ 1 00. Timber 

r/~ ^mge. — Sometimes, in 

^^"lace of a clevis and 

^^olt, tongs, Fig. 64, are 

^*^sed, These are made 

"Vdth sharp points like '''" ''■'' •'"'■ " 

Xce hooks and have their points driven into the log on each 

side at a. These tongs are attached to the cage or rope by the 

eye b in lowering. The weight of the log causes the tongs 

to grip the log firmly, but there is danger of the log getting 

away unless a guide rope is employed in raising it from the 

ground and great care is taken. Another method employed 

is to use tongs having horizontal teeth that clasp the log and 

prevent its slipping. As additional security against slipping 

when such tongs are used, a hole through which to drive a 

good-sized spike into the log should be made in each tong, 

101. Hope Knots. ^Some limbermen are able to tie 
rope to logs so that the logs do not slip; it is, however, 




TIMBERING 



U 



dangerous practice to attempt to prevent a log from slipping 
with a knot made by inexperienced persons. Fig. 65, u, 
shows a carpenter's knot 
which is fairly safe, but to 
loose end b should be marlin 
wound and spiked to tue 
stick. The timber hitch ao^ 
loop, shown at c, if properlS 
made, is also good, since ^ 
offers two surfaces agaipS 
slipping, but the hitch an 
loop should be spiked to th< 





timber for greater security. T!;e objection to rope knots 

besides slipping, is tliat the timber does not hang verticall 
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iQ the shaft, and, owing to the twist in the rope, is apt to 
wiod, unwind, and swing. For this reason, and because 
toots are not easily made, old, dry, pliable ropes are prefer- 
^Me to new or wet, stiff ropes in making slings for lowering 
timbers into mines. 

102. liowerlng Timbers Dottii a Slope. — Where 
fi^nboats or skips are used for hoisting at mines, one method 
of lowering timber into the mine is shown in Fig. 66. The 
t^P ab oi the timber skip is removed and two wheels on an 

^e^ Fig. 67, are specially arranged with a clamp for grasp- 

^ST the hoisting rope. The 

"ttiber is run on rollers over 

^^ slope mouth and chained 

^ the axle of the wheels. 

^^ axle is then hoisted up 
^^^ slope and carries the log 

^tli it, until the loose end 

^ tlie log is nearly ready to 

^^^p into the skip. It is 

^^essary to lower and 

^^dy the log into the skip 
^ ^ rope, otherwise the skip 

^llbe damaged by the fall 
^ the position Cy Fig. 66, from the platform d. This arrangc- 

^nt is only needed for long, heavy timbers, for several 
^^inary timbers can be taken down a slope in the skip with- 
^t the use of the extra wheels. 

103. Balanced Timber Skip. — At some coal mincR, 
^ere is a special shaft or slope for use in taking timber, 

^^ils, and other supplies into the mines, so as not to intr*rfcrc 
/^ith the regular hoisting arrangements. TIjc timber slop'; or 
^liaft has a separate hoisting entwine, or som':tinj':» a ^i;':':ial 
timber cage with a balance v.<:ii.^ht is provi^led, tliu^ doinji 
away with the use of a separ-ife hoi Jin j; enffine. The 
device is worked as follows: 'l"he 'M'/zz *tT rar fjjied v/ith 
timber will descend and raise the bal'ir.'.e v/ei;^ht. When th^ 
timber is tmloaded in the rr*v*e: the halanee weij^ht v/ijl 
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descend and raise the empty cage or car. The rope that 
attached to the car and weight passes around a drum per 

vided with a brake, and by means of this drum and bra 

the speed of hoisting or lowering is regulated. 

When a flat car loaded with logs is let down a slope, ^^ 
logs must be balanced and chained to the car so that tt-:^ 
will not move in any direction. Particular care is neede^~ 
the slope is uneven, that is, changes its inclination, j 
timbers projecting over either end may strike the gro -«ji 
and cause the car to jump the track. 

104, To Find the LoiiRest Timber That Can 
Taken Down a etiaft and Into a Mimi.— Tbisisaprot>l. 
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that will probably come up sooner or later in connection w^Jft 
every shaft through which long timbers are taken into a 
mine, since the length of the rail or timber that can be taken 
into the mine depends on the size of the shaft. The simplest 
way to solve this problem is graphically, as shown in Figs. 68, 
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69. and 70, and as an illustration of the method to be used, the 
following example is given: The dimensions of a shaft 
are 8 ft. X 12 ft., and the gangway running at right angles 
ith the shaft is 12 ft. X 12 ft.; assuming that the gangway 
level, and the shaft vertical, what is the longest stick of 
naber 12 in. X 12 in. that can be taken down the shaft into 
ttie gangway? 

The conditions of the problem are shown in Figs. 68 

and 69. The width of the shaft, as a i. is 8 feet, ac is the 

length of the shaft (12 feet), and rfe the height of the gane- 

vray (12 feet); /^, the width of the gangway (12 feet), equalsa^ 

tfa e length of the 

shaft. The longest 

tirriber that can be. 

'^ken into the mine is 

^^I> resented by A, 

^^^tending diagonally 

^*^ross the shaft and 

Can gway from the 

^^^^J^raer of the shaft 

•^*"tliest from the ob- 

^^rx^er to the side of 

^t»e -floor of the gang- 

^■S^ nearest the ob- 

. ^*~~ver and just touch- 

"^^ the line of inter- 

®^ <=ition 6i of the 

. ^*.ft and gangway. The rectangle jklm represents the 

''^^ of the longest timber that will pass from the shaft into 

•^-^i; gangway in a direction parallel to the width of the shaft 

^~*-«3 the length of the gangway. The position and length of 

^^ longest stick that can be taken into the mine is deter- 

'^ined graphically from the position jklm, which is the 

^'^ ejection of the stick A placed diagonally across the shaft 

^nd gangway. 

To solve the problem, lay out, to scale, the side elevation 
of the shaft and gangway, as shown in Fig. 69; then cut 3 
Strip of cardboard, I foot wide, according to the assumed 
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scale, so that jk eqnals 1 foot. The long^est timber that cau 
pass into the gangway from the shaft parallel with the widti 
of the shaft may be determined by laying this strip of card- 
board on the diagram and finding the longest length km that 
can be made to pass the comer h without bending. Next 

n measure km, and with 
this length as one side 
and the length of tttt 
shaft (12 feet) as tlie 
other, ko, construct ttie 
rectangle k mn ^i 
Fig. 70. This rectang- le 
represents k mn ^» 
Fig. 68. In thisrer ^' 
tangle, try, diagonally, a strip of cardboard, cut 1 foot wi^^^ 
according to the assumed scale, and find the greatest leng^ ^ 
that can be placed diagonally, as shown in Fig. 70. ^3y 
measuring this according to the adopted scale, the length ^ 
the longest stick of timber will be determined; in this ca^ 6* 
it is 27.93 feet. 
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i PBINCIPAL TIMBER TREES OF THE 

^^m UNITED STATES 

^^^ CONIFER WOODS 

3. The greater part of all the lumber and timber used at 
"'c present time in the United States is obtained from the 
■^ouifers. Conifers are an order of resinous trees, mostly 
"v^ergreens with needle-shaped leaves and bearing; cones; 
aeir wood is uniform in structure, generally light in weight, 
t*ft, stiff, and easily worked, Conifers in suitable dimen- 
*^ci.s for mine limbers are abundant in nearly every part of 
■^ United States and Canada, although the most valuable 
'^<::ies are fast disappearing before the ax of the timberman. 
T^he timber from the conifers, as a class, is frequently 
'*l-cd soft-wood timber, though certain varieties of these 
^^."bers are subdivided into hard and soft varieties by lumber- 
^^*i. Thus, there is hard pine and soft pine, though the 
*^«s as a class belong to the soft woods. 

^SThe principal varieties of conifers used for timber purposes 
^^ cedar, cypress, lir, hemlock, pine, and spruce. 

^^^b CEDABS 

^^^RFPropertles. — The wood of the cedar tree is light 

^^eight, soft, stiff, of fine texture, but, with the exception 

of the redwood of California, it is not strong. The sap 

wood and the heart wood are distinct, the former being of a 

Cofyriihlid by /Hlcmalionai Ttitbvat Comfany. Enlirid at Slalumirs' llntl, t.o^,lw 
\\1 
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lisbter color tfian the latter, which is dull grayish brown ot 
red, nsuall; the latter when properly seasoned. The principal . 
species are tvAite cedar, canoe cedar, red cedar, and redwood. 

3* Varieties. — White cedar occurs in five varieties. 
(1) One variety grows from Maine to Minnesota and north- 
ward, scattered along streams and lakes, and frequently co^ 
ering extensive swamps. This variety rarely grows largfl 
enough for timber but when large enough it makes excellent . 
posts and ties, being very durable. (2) A medium-sized 
white cedar grows along^ the Atlantic and Gulf Coasts from 
Maine to Mississippi. (3) Along the Pacific Coast line oi 
Oregon, there is a large white cedar that is cut extensively 
for lumber as it is heavy and strong; it is known as /'o'^ 
Oxlord ctdar, Oregvm eeiar. Lamsott's cypress, and ginger pii*^- 
(4) Another variety, termed •meense cedar, is a large tre« 
abnndttittly scattered among the pine and fir trSM of tiM 
Cascades and Sierra Nevada Mountains of Oregon asxd 
California. (6) Cmm cedar Is classed as a white cedax< 
altbougli it is the red cedar of the West. It is a veir larS^ 
tree that grows in swamps and along watercourses *" 
Oregon, Washington, Northern California, and eastward ^ 
Montana. Ft is an important timber tree. 

4. The red cedar is the most widely distributed coai^^ 
of the United States and occurs from the Atlantic to C^c 
Pacific Ocean, but attains a suitable size for lumber only ^ 
the Southern, and more especially in the Gulf, States. T*"* 
heart wood of this species is red, while the heart wood *^' 
white cedar is grayish brown when first cut. 

5. The redw^ood is the California "big tree" and ^' 
limited to the coast ranges of California, where it fonn^^ 
forests that are rapidly being converted into lumber. J* 
has a narrow whitish sap wood, and light-red heart wood/ 
but the latter soon turns to brownish red when exposed. 
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^. Properties.— In appearance, quality, and usefulness, 
"'^ cypress is similar to white cedar. It is a large decidu- 
"•^s tree, that is, one that sheds its leaves in season, occupy- 
"*S much of the swamp and overflow land along the coast 
^*3 rivers of the Southern States. It is an exceedingly 
"Seful timber tree both for carpentry and mining purposes, 
""ater tanks and shingles made from this wood are very 
■^^^rable. 

I'here are four varieties of cypress known as bald, black, 
*''**/<, and red cypress. Black cypress and white cypress are 
[ ^a-vy and light forms of the same species. 



I 'T^ . Properties. — The fir grows in the West with one 
[^*;ception, the Balsam fir. The name fir is frequently applied 
1**^ spruce and, in the English market, to pine, but the fir is 
^^sily distinguishable from spruce, pine, and larch by the 
^■^Sence of resin ducts. The principal varieties are balsam 
"", wkiie fir, and red fir. 

S. Balsam Ilr is a medium-sized tree that is scattered 
"roughout the northern pine forests from Maine to Miime- 
**^ta. It is cut, whenever of sufiBcient size, and sold with 
'^''^e and spruce. 

9« The white fir forms an important part of most of 

_ne western mountain forests and, in the vicinity in which 

^*- erows, furnishes much of the lumber. Medium-sized 

^^es grow from Vancouver to California and eastward to 

•^■ntana; large-sized trees are found from Oregon to Arizona, 

^•3 eastward to Colorado and New Mexico. Good-sized 

^^s often form extensive forests in the Cascade Mountains 

"Washington and Oregon. 

-■O. Hed Hr, with white fir, forms extensive forests on 

^ Slope of the Cascade Mountains of Oregon at an elevation 

from 3,000 to 4,000 feet above sea level. At times this 
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tree becomes very large. Forests of red fir occur about thr-^ 
base of tlie Sierra Nevada Mountains of California ac::^^ 
extend from Mount Shasta southward. This wood is not -jJ 
be confounded with Douglas spruce, which is a kind j 
spruce that is sometimes called red or yellow fir. 
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HEMLOCK 

11. Properties, — TRe wood of the hemlock is soft, 

stitf, brittle, cross-graiued. rough, and splintery; with sap 
wood and heart wood not well defined. Hemlock wood is 
of a light reddish-gray color, comparatively free from resia 
ducts. It shrinks and warps considerably, and is principally 
used for sawed timber and timbers that are" not to be 
exposed. For mine timber, it has not much value in tb* 
East, but it is claimed that the hemlock of the West is 
superior in weight, hardness, and durability. The hemloclca 
of the East are medium- to large-sized trees commonly 
scattered among broad-leaved trees and conifers, but oft^" 
. forming forests of almost pure growth. They are four^*-' 
from Maine to Wisconsin, and follow the Alleghanies to Al 
bama. Large-sized hemlock trees grow in Washingti 
California and eastward to Montana. 



LARCH 

12. Properties. — The lareli is known as tamaracb 
Washington, Oregon, and Montana, where it grows to a lar - 
size. In the East, tamarack is known as backtnatack anA 
only a medium-sized tree that is found growing mainly 
swampy land from Maine to Minnesota and southward 
Pennsylvania. The wood resembles spruce in structure, 'bat 
is more durable and approaches, in usefulness and qualifv. 
the best hard pines. The larches are deciduous trees 
usually are found scattered among conifers. 
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PINBB 

33. Propertlee. — Fine wood is very variable, being 
:ht and soft in soli pine, such as white pine; of medium 
:ight to heavy and quite hard io hard pine, of which the 
ig-leaved, or Georgia, pine is the extreme form. Usually 
is stiff, quite strong, of even texture, and more or less 
linous. The sap wood is yellowish white; the heart wood, 
inge brown. Pine shrinks moderately, seasons rapidly 
3 without much injury; it works easily; is never too hard 
nail (unlike oak or hickory); is generally quite durable; 
3, if well seasoned, is not subject to the attacks of boring 
ects. The heavier the wood, the darker, stronger, and 
rder it is and the more it shrinks and checks. Pine is used 
ire extensively than any other kind of wood. It is the 
ncipal wood in common carpentry, as well as in all heavy 
istruction, such as bridges and trestles, about mines. Pine 
es are usually large with few branches, the straight cylin- 
cal, useful stem forming by far the greater part of the 
e; they form vast forests, a fact that greatly faciUtates 
^ir exploitation. 

14. VarietleB. — There are many varieties of pine and 
,ny special terms applied to pine timber denoting difference 
quahty, although in many cases these are largely local 
'tinctions. 

The principal species of pine are: white pine > sugar pine, 
low pine, long-leaved pine, short-leaved pine, bull pine, loblolly 
le, Norway pine, Cubaji pine, and pilck pine, Pines are 
:quently classed as soft and as hard pines. 
Boft Pine. — The term soH pine on the Pacific Coast refers 
the sugar pine, but in the East it refers to white pine 
Me. 

White pine, variously known as pumpkin pine and soft 
36, has been the most important wood in the Union, but it 
now becoming quite rare. In the East, it grows from 
nnesota to New England, and along the Alleghanies to 
orgia, where it is a large-sized tree. On the eastern Rocky 
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Mountain slopes, from Montana to New Mexico, it is a sm^^^ 
tree that forms forests of considerable extent. In Montac^^='* 
and the Pacific States, especially in Northern Idaho, the tr^^s* 
attains large size. 

Sugar pine is a very large and important lumber tree ^Sin 
Oregon and California, where, with the white fir, it fftm "" 
extensive forests. 

15. Hard pine is a common term in carpentry bi^^*^ 
applies to everything of the pine species except white an^K-<l 
sugar pines. 

Yellow pine is a name applied, in trade, to all tl^^^ 
southern lumber pines; in the northeastern part of tl^^® 
United Stales it is applied to pitch pine; in the West, ^'■ 
refers mostly to bull pine. 

Ijong-leaved pine, known as Southern yellow pine ii^ 
Georgia pine, forms extensive forests and furnishes It^^ 
hardest and strongest pine lumber in the market. It gTO»— *^^ 
to a large size on the Atlantic Coast from North Carolina *:^*^ 
Texas, and may be distinguished from other pines by i ^^t^ 
clusters of three leaves, the leaves being from 10 to 15 inch^^^ ■ 
long. 

Staort-leBved pine, known as slash pine, Carolina piy^^^^ 
old field pine, yellow pine. Northern yellow pins, bull pine, i 
the common lumber of Missouri and Arkansas. It may "^rz^* 
distinguished from the long-leaved pine by its leaves bei«^^»- S 
in clusters of two and only from 3 to 5 inches long. T ^::^ 8 
tree resembles loblolly pine, and its wood the Norway pitr:*.^- 

Bull pine, or Western yello^v pine, is a medium- *« 
large-sized tree that forms extensive forests in the Pacifi' 
and Rocky Mountain regions. When its sap wood is wi<3«' 
the wood varies in strength and durability, although one 
species, known as black pine, in California is quite hart?- 
Bull pine furnishes most of the pine lumber of the West. 

Ijoblolly pine, also known as slash pine, old Held pint, 
rosemary pine, sap pine, short-straw pine, etc., is a large-siud 
tree that forms extensive forests. It has slender light-green 
leaves 6 to 10 inches long that are in clusters of three. It 
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lias wider ringed, coarser, lighter, and softer wood, with 
oaore sap wood than the long-leaved pine with which it is 
sometimes confounded. This is the common lumber pine 
Ef om Virginia to South Carolina and is found extensively in 
Arkansas and Texas. 

Norway pine is the common red pine found scattered tn 
fiToves with white pine in New England, Pennsylvania, Min- 
'^esota, and Michigan. The sap wood is predominant and 
*^ence the lumber is not very dwrable. 

Cuban i>Ine grows along the coast from South Carolina 
'° Louisiana and is known as slash pine, swamp piiu, and 
*^<adow pine. It resembles long-leaved pine, but commonly 
^3-S wider sap wood and coarser grain. 

l^ltcli pine grows along the coast from New York to 
^^orgia and along the mountains of Kentucky; its leaves 
*^e in clusters of three _and are 3 to 5 inches long. The 
^X"m pitch pine includes all Southern pines, and is especially 
t»plied to long-leaved pine in foreign markets. 



8PRUCB 

16. I»ropertles. — Spruce resembles soft pine, as the 
"Wood is light, soft, stiff, and moderately strong, but has less 
*'«sin than pine. Spruce has no distinguishing heart wood 
^nd both sap and heart wood are whitish. Spruces, like 
^ines, form extensive forests, but they seem to thrive on 
thinner soils. The terms black spruce and white spruce, 
usually refer, respectively, to the narrow- and wide-ringed 
forms of the black spruce. 

17. The black spruce is a medium -si zed tree that occurs 
in forests and in groves in the lowlands and prairies of the 
United Stales from North Carolina to British Columbia. 

18. Wlilte spruce is generally associated with black 
spruce and is most abundant along streams and water- 
courses. It grows largest in Montana and forms the most 
important tree of the subarctic forests of British Columbia. 
A medium-sized to large-sized white spruce forms extensive 
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forests at elevations of from 5,000 to'^lO.OOO feet above ses 
level in the Rocky Mountains from Montana to Mexico. 

19. Douglas spruce is one of the largfest and mo g — *i^ ^ 
important trees in the Western United States. In tL^^e 
Pacific States, it attains a diameter of 15 feet and also a 
fair size in the mountains of Colorado up to an altitude r- i f 
10,000 feet above sea level. It is variously known as r^=d 
fir, yellow fir, and Oregon pine. When the wood is coars -^c- 
grained, heavy, hard and strong, with pronounced summ^^r 
wood, it receives the name of red Hr^ but if it is fii — ae 
grained and light, it is termed yellow fir. It is an excelle^^t 
substitute for hard pine, and is especially suited to hea 
construction. 

BBOAD-IiEAVIBD TREES 



a 



DECIDUOUS TREES 

20. The hardwoods are of complex and variable stn*^* 
ture and therefore differ widely in quality. With the 6X0^:^^' 
tion of oak, and possibly chestnut and locust, they do xl^^^ 
make so good timbers for mine excavations as the conifetr'^» 
but there are many places about mines where they are ve r^"^ 
useful. 

The principal hardwoods are ash, basswood, beech, hirc^ ^ ' 
cherry^ chestnut, elm, ^um, hackberry, hickory, locust, map 
7nulberry, oak, Persim77i07i, poplar, cottonwood, sycamore, 
wahiiit, 

ASH 

21. Properties. — Asli is a heavy, hard, strong, sti- 
and tough wood. Although the timber is straight grain. ^^^ 
and of coarse texture, it is not durable in mines or in cc^^ '^ 
tact with the soil. It is useful in the construction of ca^^^^' 
wa^'ons, and chutes. Some species of ash are quite ra^^^ 
gnnvers and have stout trunks. 

The principal species are white ash, red ashy black c^^^* 
grceii ash, and Oregon ash. 
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29, White ash is best developed in the Ohio River Basin. 

Red ash is a small-sized tree that grows east of the 
*^ ississippi. 

Black ash, also known as hoop ash and ground ash. is 
common from Maine to Minnesota and southward to Alabama. 

Green ash grows from New York to the Rocky Moun- 
■^ins and southward to Florida and Arizona. 

Western Washington and California have a medium-sized 
ree called Oregon ash. _ 

BASSWOOD 

23. Basswood is a medium-sized tree common in all 
orests of broad-leaved trees throughout the Eastern and 
Northern United States, It is also known as the lime tree, 
"i^^meruan linden, tin, and bee tree. The wood shrinks con- 
'■derably in drying, but is light, soft, stiff but not strong, of 
Sue texture, and white to light-brown color. 



BEECH 

24. Properties. — The wood of the beech tree is heavy, 
"^''d, stiff, strong, of rather coarse texture, white to light 
'"Own, not durable in Ihe ground, and subject to boring 
OS'icts_ It shrinks and checks considerably in drying, hut 
^'ll be found useful for chutes as it wears smooth. 
^«ech is a medium-sized tree sometimes forming forests 
tlie Mississippi Basin, but is also abundant from Wisconsin 
^^laine and southeast to Florida. 
■^*lne beech, also known as hornbeam, water beech, and 
'^^xwood, is a small tree found in the Eastern United States, 
J*^^ttains its largest growth in the Southeast. 






Bpecles. — The blrchea are medium-sized trees 

■I form extensive forests; they occur well scattered in all 

'*^*"ests of broad-leaved trees in the United States. The 

*^oia is heavy, hard, strong, of fine texture, but shrinks 

"'^Osiderably in drying and is not durable if exposed. 
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The sap wood is whitish and the heart wood shades from 
yellow to brown and red. The species vary in regard to 
names, which makes their description somewhat confusing. 

Cherry birch is a medium-sized tree known also as black 
dtrck, sweet birch ^ and mahogany birch. 

Yellow birch is a common medium-sized tree sometimes 
called ^rrt>' birch. 

Red birch, or river birch, is found from New England 
to Texas; it is lighter in weight than the preceding. 

Canoe birch, also known as white birch and Paper birchf 
is a small tree that grows along the northern boundary of 
the United States from the Atlantic to the Pacific. 



CHEBBT 

26. Cherry wood is heavy, hard, strong, of fine texture, 
but better suited for decorative and finishing lumber than for 
mines, although it is sometimes useful for the latter purpose. 
The species are known as wild cherry, black cherry, hawthorn^ 
and wild apple. 

CHESTNUT 

27. Properties. — The wood of the chestnut, while 
light and not strong, is stiff and of coarse texture, and very 
durable in contact with earth. Confined in the mine, it is not 
durable even when well seasoned, imless it is kept in a uni- 
form condition of wetness or dryness. 

28. Horse oliostnut, or buckeye, grows in the AH^' 

ghanies and from Pennsylvania to Indian Territory. The 
wood is li<;ht. soft, and while not strong is of uniform te^^' 
ture and often quite tough. It is not used in mining except 
for temporary purposes. 



ELM 

29. Properties. — The wood of the elm tree is heavy* 
strong, hard, tough, and moderately durable in contact witf* 
the soil: it is commonly cross-grained, difiBcult to split an^ 
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shajK, and warps and checks considerably in drying, bat 
stands well if properly handled. The broad sap wood is 
whitish, the heart brown, both with shades of gray and red. 
Split surfaces have a rough coarse to fine texture. Elm 
lumber is used in the construction of cars, wagons, etc 
Elms are medium- to large-sized trees, with stout trunks, of 
fairly rapid growth, and while they do not form separate 
forests they are scattered in all the forests of broad-leaved 
Irees of the United States, sometimes forming a considerable 
portion of the timber. 

"O. The varieties of elm are: 

Wnteelm, or American elm, which is a large-sized tree. 

Rock elm, corkelm,hlckory eIm,oreUff elm, which is 
toand westward from Vermont to Iowa as a medium-sized 
tree. 

R«il elm, slippery elm, or moose elm, which is a small 
^^e found chiefly along watercourses. 

*^edar elm, which is a small-sized tree quite common in 
'"''Kansas and Texas. 

""Inged elm, or Wahoo, which is a small common tree in 
^*ansas, Missouri, and Eastern Virginia. 



** 1. The general term Kiim tree refers to two kinds of 

usually distinguished as iupelo, sour, or black giim, and 
'^^i or red gum, Ihe latter being a relative of the wilch- 
'*'^W, while the former belongs to the dogwood family. 



^Sa. Tupelo, 



M: 



r gum, or black Runt, grows from 

ine to Michigan, and southward to Florida and Texas. The 

*^'3d is heavy, hard, strong, tough, of fine texture; frequently 

^*^ss.grained; of yellowish- or grayish-white color; hard to 

^''t and work; troublesome in seasoning, as it warps and 

eots considerably; and is not durable if exposed. The 

j^^^S are either medium- or large-sized with straight trunks; 

„ *^^lly quite abundant; it never forms separate forests. The 

^^'icty of tupelo gum known as cotton gum grows in the lower 



TIMBER TREES S4^ 

Mississippi Basin, northward to Illinois and eastward ^~~ , 
Virginia; otherwise it is like the preceding species. 

33. Street gum, red goini, llqiildambar, or bllste^s-^^ 

has a heavy, soft, stiff, strong wood that is tough, commoi — ■:^j 
cross-grained, and of fine texture. The broad sap wood_ g. 
whitish, the heart wood reddish brown. This wood shric^jj.j 
and warps considerably, but does not check badly and sta:ra<jj 
well when fully seasoned. Large-sized trees are abunda^^j 
and are often the principal trees in the swampy parts of tine 
bottoms of the lower Mississippi Valley, although they occur 
from New York to Texas and from Indiana to Florida. 



HA-CEBERBT | 

34. Hackberry, or sugai- berry, is a handsome, heaw^^. ( 
hard, strong wood, quite tough, of moderately fine textu«r"e. i 
and greenish or yellowish-white color. It shrinks mod^sr- 
ately; it is a medium- to large-sized tree that becomes larg^^^' 
in the lower Mississippi Valley, although it occurs in neaf ^J 
all parts of the Eastern United States. 



BICKORX' 

35. Properties, — The wood of the hickory tree is v^*^ 

heavy, hard, and strong, proverbially tough, of rather coat"^^ 
texture, smooth, and of straight grain. The broad sap wo *^*^ 
is white, the heart wood reddish nut-brown. Hickory dri^* 
slowly, shrinks and checks considerably, is not durable in tti^ 
ground or if exposed. The sap wood, especially, is always 
subject to the inroads of boring insects. Hickory is use" 
extensively in the manufacture of implements and machinery, 
for tool handles, etc. The hickories are tall trees with slen- 
der steins that never form more than small groves. The 
trees usually occur scattered among other broad-leaved trees 
in suitable localities. The following varieties contribute motO 
or less to the hickory of the markets. 

36. Varieties. — Sbagbark hickory, or shellbW'lK 
Mckory, is a medium- to large-sized tree. It is the favorite 
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iD£ hickories and attains its best development in the 
io and Mississippi basins, from Lake Ontario to Texas, 
from Minnesota to Florida. 
Hockernut hickory is termed in places black hickory, bull 
and black nut, big- bud, and white-heart hickory. This is a 
medium- to large-sized tree, with the same ran^e as the 
foregoing and is especially common in the South. 

JPIgnut hickory, broivii hickory, black hickory, or 
8 ^^rltch-bnd hickory, is a medium- to large-sized tree, 
ab-imdant in the Eastern United States. 

Xltternut hickory, or s'wamp hickory, is a medium- 
sizied tree, favoring wet localities, with the same range as 
tt»^ preceding. 

I'ecan, or Illinois nut, is a large hickory tree, very 
'^*^n]mon in the fertile bottoms of the western streams. It 
ETows from Indiana to Nebraska and southward to Louisiana 
and Texas. 

I.OCU8T 

3T, Black locnst, or yellow locust, has a very heavy 
^Ood that is hard, strong, and tough, of coarse texture, very 
■durable in contact with the soil, shrinks considerably, and 
buffers in seasoning. Its very narrow sap wood is yellowish; 
"s heart wood, brown, with shades of red and green. This 
""®e is useful for wagon hubs and treenails but especially 
"^r ties, props, etc. It is a small to medium-sized tree, at 
"•^tne in the Alleghanies, and is being extensively planted, 
^Specially in the West. 

38. Honey locust, sweet locust, or three-thomed 
**5^cla, has a heavy, hard, strong, tough wood of coarse 
^tture. The narrow sap wood is yellow, the heart wood 
"•"ownish red. So far, it has been but little appreciated 
^Scept for fencing and fuel, and to some extent for wagon 
'^'^bs and in rough construction. It is a medium-sized tree, 
oUBd from Pennsylvania to Nebraska and southward to 
Florida and Texas; it is locally quite abundant. 
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BfAPUB 

39. Properties. — The wood of the maple tree is heavy, 
hard, stronc:, stiff, tough, and of fine texture; frequently 
wavy grained, giving rise to curly and blister figures. It \% 
not durable in the ground or when otherwise exposed. Maple 
is creamy white with shades of light brown in the heart; \\. 
shrinks moderately; seasons, works, and stands well; wears 
smoothly, making it useful for chutes and car bodies. The 
maples are medium-sized trees, of fairly rapid growth. 
Sometimes they, form forests and frequently constitute a 
large proportion of other groves. The following are the 
common varieties of maple. 

40. Varieties of Maple. — Sugar maple, also known 
as hard maple or rock maple^ is a medium- to large-sized tree; 
very common from Maine to Minnesota, arid with birch some- 
times forms groves in parts of the pineries; it extends south- 
ward to Northern Florida, but is most abundant in the re2[ion 
of the Great Lakes. 

Red maple, swamp, or water, maple, is a medium- 
sized tree, but scattered along watercourses and other moist 
localities. 

Silver maple, or soft maple, is a medium-sized common 
tree whose wood is lighter, softer, and inferior to hard maple* 
It grows best in the valley of the Ohio, but occurs from 
Maine to Dakota and southward to Florida. 

Broad-leaved maple is a medium-sized tree that occurs 
on the Pacific Coast. It is a lighter, softer, and less valuable 
wood than hard maple. 



MULBERRY 

41. The red mulberry tree has moderately heavy* 
hard, strong^, durable and rather tough wood of coarse texture* 
The sap wood is whitish; the heart, yellow to orange broWi^* 
The wood shrinks and checks considerably in drying, ^^ 
works and stands well. The trees are common in the Ob^^ 
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L Mississippi valleys, and are widely distributed in the 
s-stem United States, but have small size. 



OAK 

"^2. Properties. — Oak wood is variable in its physical 
I» properties; usually it is heavy and hard; very strong and 
t<:>'»jgh; porous, and of coarse texture; the sap wood whitish, 
tile heart wood brown to reddish brown. It shrinks, warps. 
a.nd checks badly, giving trouble in seasoning, is durable, 
^nd little subject to the attacks of insects. Oak is used for 
*i3any mining purposes, and for heavy construction. The 
*rees are of medium to large size and form the predominant 
Parts of many forests, 

43, There are more than fifty varieties of oak. Three 
■Well-marked kinds, white, red, and live oak, are distinguished 
anfl kept separate in the market. Of the two principal kinds, 
white oak is the stronger, tougher, less porous, and more 
durable. Red oak is usually of coarser texture, more porous, 
often brittle, less durable, and even more troublesome in 
seasoning than white oak. The red oaks everywhere accom- 
pany the white oaks, and like the latter are usually repre- 
sented by several species in any given locality. Live oak, 
*>nce largely employed in shipbuilding, possesses all the 
ffood qualities of white oak, except that of size, and even to 
* exeater degree. It is one of the heaviest, hardest, and 
'*^*^st durable building timbers of the United States; in 
'^^cture, it resembles the red oaks, but is much less porous. 
^^es of upland growth are better than those that grow in 
^^t places on account of their slower growth and smaller 
®^1 structure. The following are the common varieties 

, 44, Tarletles. — White oak is a medium- to a large- 
**(i tree that is common in the Ohio and Mississippi valleys, 
''^ throughout Eastern United States. White oak is a 
^^"^ium- to small-sized tree in Texas and eastward to Ala- 
^^a, but of medium to large size on the Pacific Coast from 
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Washington to California, and is the largest oak on the Paci"_^ 
Coast. 

Bur oak, mossy-cup oak, or over-cup oak, is a I^^^- 
sized tree that is abundant in the bottoms west of the Mis^ /j 
sippi, and that ranges farther west than the white oak. 

Svramp wtilte oak is a common large-sized tree tba^t 
grows most abundantly in the Lake States, but which occax-s 
in the same localities as the white oak. 

Tellow oak, chestnut oak, or cMnkapln oak, is « 
medium-sized tree found in the Southern Alleghanies at»^ ' 
eastward to Massachusetts. 

Basket, or co^«' oak, is a large-sized tree locally abuodaC^t i 
in the lower Mississippi Valley and eastward to Delaware. 

Post oak, or Iron oak, is a medium- to large-sized tre:« 
that grows from Arkansas to Texas, eastward to New Eng- 
land, and northward to Michigan. 

Red oak, sometimes called Mack oak, is a medium- to 
large-sized tree; common from Maine to Minnesota axid 
southward to the Gulf of Mexico. 

Black, or yellow, oak, is a medium- to large-sized tree; 
very common in the Southern States, but occurring as far 
north as Minnesota, and eastward to Maine, 

Bpanlsh oak, sometimes called red oak, is a medum-sfeed 
tree, common in the South Atlantic and Gulf region, but 
found from Texas north to Missouri and New York. 

Scarlet oak is a medium- to large-sized tree best devel- 
oped in the lower basin of the Ohio, but found from Maine 
to Missouri and from Minnesota to Florida. 

Pine oak, swamp Spanish oak, or w^ater oak, is a 
medium- to large-sized tree common along the borders o( 
streams and swamps from Arkansas to Wisconsin, and east- 
ward to the Alleghanies. 

Willow, or peach, oak, is a small- to medium-sized tree 
growing from New York to Texas and northward in the 
Mississippi Valley as far as Kentucky. 

Water oak, duck oak, possum oak, or punk oak, grows 
to a medium- or large-sized tree from the GiUf States, noith- 
ward to Delaware, Missouri, and Kentucky. 



Ul TIMBER TREES 17 

IilTe oak is a small-sized tree scattered along the coast 
from Virginia to Texas. 
Live oak, maul oak, or Valparaiso oak, is a medium- 
d tree that grows in California. 



^5. The wood of the persimmon tree IS very heavy 
^"d hard, strong, and tough. It resembles hickory, but is of 
""^r texture; the broad sap wood is of a cream color, the 
■■Mrt black. It is a small- to medium-sized tree, common 

^"^ best developed in the lower, Ohio Valley, but occurs 

fro*!* New York to Texas and Mis 



COTTONWOOD AND POP LAB 

46. Properties. — Cottonwood, poplar, tulip, and 
"'•■^niinber trees are often confounded on account of the 
' "Ose resemblance they bear to one other, but poplar and 
'^'^ttonwood are not so good wood as tulip and cucumber. 
^l*e wood of Cottonwood and poplar trees is light, soft, 
^^rccg_ Qf gne whitish, grayish, to yellowish color, usually 
*ith a satiny luster. It shrinks moderately, warps cxces- 
^'■Vdy, checks slightly, and is not durable. The following are 
^^e common varieties of cottonwood and poplar. 

4.7, Tarletles. — Cottonwood is a medium- to large-sized 
**"ee that forms forests of considerable size along miiny of the 
^"■estern streams, and furnishes most of the cottonwood of 
*^he market. It grows ia the Mississippi Valley and west 
*Tom New England to the Rocky Mountains and from Texas 
to California. 

Balsam, or balm of Ollead, is a medium- to large-sized 
poplar tree, common all along the northern boundary of the 
United States. 

Black cottonwood is the largest deciduous tree of the 
state of Washington, and is very common in ths i 
Rocky Mountains and Pacific Region. 
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Poplar is a medium-sized tree, chiefly used for paper pulp. 
It STOWS from Maine to Minnesota and southward alone: the 
Alleghanies. 

Aspen is a small- to medium-sized tree, often forminc: 
extensive forests and covering burned areas. It gfrows from 
Maine to Washington and northward and southward in the 
western mountains to California and New Mexico. 

48. The tulip tree, known also as yellow poplar^ is quite 
variable in weight, the wood being usually light, soft, stiff, 
but not strong, of fine texture and yellowish color. The 
wood shrinks considerably, but seasons without much injury; 
works and stands remarkably well. It is a large tree, does 
not form forests, but is quite common, especially in the Ohio 
Basin; occurs from New England to Missouri and southward 
to Florida. Does not last long in mines. 

49r The cucumber is a medium-sized tree, most common 
in the Southern Alleghanies, but distributed from New York 
to Arkansas, southward to Alabama and northward to Illi- 
nois. The wood resembles tulip wood and is often con- 
founded with it in the markets. Both trees have flowers; 
the latter is sometimes termed magnolia. 



SYCAMORE 

50. The tree known as the sycamore, button-ball 
tree, or water bceeli, has moderately heavy, hard, stiff, 
strong, tough wood that is usually cross-grained, of coarse 
texture, and white to light-brown color. The lumber is hard 
to split and work, shrinks moderately, warps and checks con- 
siderably, but stands well. It is a large tree of rapid growth, 
common and largest in the Ohio and Mississippi Valleys, but 
is at home in nearly all parts of the Eastern United States. 
The California species resemble in their wood the eastern tree. 
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WALNUT 

SI* Black Tralnut wood is heavy, hard, strong, of 
coarse texture, with whitish narrow sap wood and chocolate- 
bro^^ni heart wood. The lumber shrinks moderately in dry- 
ing, but works and stands well. Walnut, which was formerly 
used even for fencing, has become too costly for ordinary 
uses and is today employed largely as a veneer for inside 
finish and cabinetwork; also in turnery for gunstocks, etc. 
Black walnut is a large tree, with stout trunk, of rapid 
growth, and was formerly quite abundant throiighout the 
Alleghany region, occurring from New England to Texas, 
and from Michigan to Florida. 

£|2« Butternut, or white walnut, has wood similar 
to black walnut. It is a medium-sized tree and not durable 
when cut and exposed. 



TRACKWORK 



INTRODUCTION 



GENEHAIi CONSIDERATIONS 

1. Advantage of Good Mine Tracks. — The opinion 
that anything is good enough for a mine track is incorrect, 
and although it is still held in practice by some, in the larger 
and more modern mines the construction and maintenance of 
the roadbed and track, particularly on the main entries of 
nines where mechanical haulage is used, receives as much 
care and attention as the track of a surface railroad. The 
reason for this is self-evident, for with a poor track heavier 
locomotives are required to haul a given load than on a good 
track thus necessitating a larger original investment, while 
the wear of the rolling stock and the cost of repairs are also 
increased. If the ties are not properly spaced and tamped; 
if the roadbed is not properly drained, graded and ballasted; 
if the rails are not properly spiked, lined, gauged, and leveled, 
trouble is sure to ensue. Where cars in good order jump the 
track or where the resistance to haulage is greater than it 
should be, the trouble can generally be traced to poor tracks. 
When cars jump the track, not only are the cars usually 
damaged, but time is wasted in putting them back on the 
track, the output is thus diminished, and the whole work of 
the mine is disarranged; there is also danger of the car run- 
ners being maimed or killed. When a coal mine has poorly 
constructed tracks, the cars are usually, also, in bad order 
and a large scrap pile containing broken car irons, bent 

G^yrighlfd by Inlemalional TtMbook Comfany. EnUrrd at SlaliBnen' Hall, LoiOhh 
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axles, and discarded wheels is found. There is no doubt but ' 
that, amoDg the numerous items that make up the cost of 
mining, that of haulage is as essential and should be as care- 
fully considered in attempting to decrease the cost of mining I 
as a:iy other item. The smooth running of the whole mine I 
depends largely on the question of mine haulage. j 

2. Direction of Mlbe Road. — To insure a good mine 
road, the entry should be driven as straight as possible; and 
as far as practicable, the grade should be such as to favor j 
the movement of the loaded cars. Uniform grades can 
seldom be obtained for the entire length of the haulage road, • 
but ihe local grade should be made uniform even if iBP- 
requires blasting top or lifting bottom. In flat coal deposits^ 
the roads can generally be driven straight if care is taken i -^ 
driving the openings; but in steeply inclined and irregul^^ 
deposits it is frequently necessary to have the road follcr-'^ 
the strike of the bed, thus necessitating curves. For haula ^^ 
roads in such mines the curves cannot be determined uri ^ 
the excavation has been made, after which it may be fonrici! 
necessary to cut the rib or rock walls in order to put in prope/- , 
curves. 

3. Slnifle or Double Traclt. — A haulage road maj- 
contain a single track laid with turnouts for the passing of 
the loaded and empty trips, or it may be double- tracked, one 
track being for the loaded and the other for the empty trip. 
Both tracks may he in the same entry if there is sufficient 
width, or where the conditions are such that a wide entry 
cannot be maintained, the tracks may be placed in parallel 
narrow entries. A double-track road is intended to provide 
for a large output, but with a proper system of turnouts the 
same output can be handled with less expense on a single 
track, but in this case closer supervision must be given to the 
haulage by the mine oiEcials. 

4. Differences In Mine Track. — The track in different 
parts of the mine is not uniform in construction; for inBlance, 
on the main haulage road, much longer trains are run than on 
thee 



js-roads, and at a much higher speed; the track on tbe 
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ma-in roads is, therefore, usually more substantially laid than 
tlia.t on the cross-roads. For a similar reason, the track on 
Uie cross-roads is much more substantially laid than the track 
ia the rooms. 

5, Maln-Bntry Tracks. — Since the traffic in coal mines 
is heaviest on the main entries, the rails should be heavier 
ttiere than on the cross-entries, and special care should be 
eiven the roadbed. Where locomotives are used for haul- 
age purposes, the rails should weigh from 40 pounds to 60 
POtmds per yard, and even heavier rails are sometimes used. 
Jo other systems of haulage, they ehould weigh not less 
*haa 30 pounds per yard to insure the best results, although 
"Shter rails are often used, particularly where mules or 
Qorses are the motive power. 

A rule given by some of the makers of electric locomotives 
's to allow 10 pounds of rail per yard for each ton of weight 
°Q each driver. Thus for a 4-wheel locomotive weighing 20 
tons the rule would give ^4*' X 10 = 50 pounds per yard. 

Example. —Calculate the weight of rail that should be used for a 
'ocomotive weighing 13 tons. 

SottiTioN. — Assyroing that there are tour drivers and that each driver 
harries one-fourth the weight, 

13 ■=- 4 = 3.25 T. on each driver; 10 X 3.25 - 32,5 lb. per yd. Ana. 

This rule gives the minimum weight of rail recommended, 
^lld it is very common practice to use 40-pound rails on main 
'^Oads for this weight of locomotive. 

The cross-ties should be of hardwood wherever possible, 
fcave at least a 5- to 8-inch face and be 4 to 6 inches thick, and 
should be placed so that from the center of one tie to the 
center of the next the distance will not exceed 2 feet. The 
roadbed should be well drained, the ties of sufficient size and 
firmly tamped, and the rails laid in alinement. 

6. Cross-Entry Traeks. — The traffic on cross-entries 
Dot being as great as on the main entry of a mine, the rails 
may be of lighter section, but rails weighing not less than 25 
to 30 pounds should be used if motors are to run over them. 
The ties should be placed about 2 to 3 feet between centers 
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aiid Imve at fea^ ft 4- to d^iDcA fic« and be 4<fo S i^ 
The tracks shoakl be Uiied op and luyt t6 gtmAit by tamj^u:^ 
under the ties. If only mol^ are used on the cross-entz-^, 
the ties can be given 80-inch centers if tte rails are «/ j 
80-pound sectioUt but if of smaller section tii$ ties should tie 
placed closer. There should be a ditch on the side of tlse 
track for drainage. This ditch should be kept free £ro:sn 
rubbish to prevent the water from backing up under tt^^ 
roadbed, as that will soften when wet, so that the. ties ir^ 
rink or form low places when cars pass over th^oi. 

7. Boom Traek9. — ^The track constmctioh in mc^^ 
rooms in coal mines consists in spiking rails weighL^^ 
from 16 to 26 pounds per yard to ties, that have 8- or 4-in< 
faces and thickness enough to take the i^pike. The ties 
placed 8 or 4 feet apart and tamped with gob. This flim^^^ 
arrangement of tracks is used because the tracks are remov 
as soon as the rooni is finished and moved elsewhere and 
that is required of the rails is that they shall not spread 
allow the cars to run off the track. 

8. Wooden Tracks. — Formerly, wooden tracks wei 
used extensively in mines, particularly for the rooms, bi 
iron has now very largely replaced the wooden mine n 
excepting for short distances at the faces of rooms and 
entries to connect the face with the permanent track. Su« 
track is also extensively used where the pillars are to 
robbed and there is danger of a crush coming on that v^^ i^ 
cover the track and prevent its being used again. In th^^ ^^ 
cases, the loss is not so heavy with wooden tracks as w5 ^^ 
iron or steel. Wooden rails are also of advantage on st^^P 
grades, as the cars can be more easily spragged. 

Hard woods, such as oak, hickory, or maple, are used for 
wooden track, the timbers being cut in sizes 2 inches hy 
4 inches, or 3 inches by 4 inches, and from 8 to 24 feet in 
length. Soft wood or poorly seasoned wood is easily cut 
by the flanges of the car wheels. Badly shaped rails allow 
the wheels to climb the rails. The wooden rail is frequently 
nailed or spiked to the ties, but the rails are more likely to 
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spread when thus fastened than when the ties are notched 
^"d the rails held in place by wedges, as shown in Fig. 1. 
"this figure. .1 is the tie; B, the rails; and C, the wedges 
''oJding the rails in the notches cut into the ties, 

In order to protect the upper side of the rail and to reduce 
^"^ friction, the upper face is frequently covered with a 
Harrow strap iron. Wooden rails are sometimes also used ] 




r^ oonnection with iron rails on steep grades, the wooden 
^Citing being laid against the outside of the iron rails 

J[^*^ of the same height for the purpose of increasing the 
'■c:tion of the spragged wheel. 

GRADBS FOR MIKE ROADS 

^. Suitable Grades. — Where mine cars having capac- 
^'■^s ranging from 1.5 to 2.5 tons of coal are hauled by 
**imals, the grades should not exceed 2 per cent, and should 
^^■Vor the loaded cars. If the grade be less than 2 per cent., 
'^ will be better; but in every case the grade should be 
^^fEcient for drainage. While water will run on a light 
Srade, in coal mines the grade should not be less than 
-S per cent., because coal dust and coal falling from the cars 
>?ill accumulate and possibly back up the water, necessitating 
frequent cleaning of the ditches where, on a steeper grade, 
Pitches need not he cleaned except at stated intervals. 

When hauling is done by locomotives, the average grade 
should not exceed 2.5 per cent. Since the tractive power of 
the locomotive is limited by the adhesion between the rails 
sod the tires of the driving wheels, and this adhesipik. 



I 
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decreases as the gjrade increases, too great a percentage ^ 

the tractive power will be consumed in haaling the locon-^^ 
dve up the grade. The resistance offered to tractive pow ^=i— j. 
due to gravity, increases with the steepness of the gra^i ^. . 
and the resistance due to frictioa varies with the diaract^^r 
and conditions of roiling stock and track. 

10. Methods of Expressing Gradients. — The pe^cr- 
centage method of expressing grades is generally adopts ■** 
by engineers, as it states at once the number of feet rise p^^' 
100 feet of horizontal measurement, fractions of a foot beiit A 
expressed in tenths and hundredths of a foot. Thus, ^ 
I.5-per-cent. grade signifies that there is a rise of 1.5 fe^^*- 
in 100 feel measured horizontally. Upon a steep pitch tt^*-® 
per cent, of grade is occasionally expressed in terms ci^^ 
the rise per 100 feet measnred on the incline instead c^^^ 
horizontally. This method is misleading and should not b=>^ 



American railroad engineers frequently express the grac3.« 
as feet of rise in the distance of a mile; for example, 79.2 fet ^ i 
per mile. In order to reduce grades expressed in this manii^r 
to percentage grades, multiply the amount of rise in feet ^»^i 
mile by 100 and divide by 5,280. 79.2 feet per mUe i«, 
9.2 X 100 



therefore. 



5,2J 



■■ 1.5 per cent.; or 79.2 -r 52.8 = l.S 



per cent. 

English engineers state, in feet, the distance in which the 
grade rises 1 foot. The expression 1 in 62.8 would therefore 
signify that there is 1 foot rise in 52.8 feet of length. To 
reduce such expressions to percentage grades divide 100 hy 
the horizontal in which the rise is 1 foot, 100 -~ 52.8 = l.Sper 
cent, grade. To reduce such a grade to feet per mile, diride 
5.280, the number of feet in a mile, by the number of feel 
required for a rise of 1 foot, thus 5,280 -i- 52.8 = 100 feet 
rise per mile. 

Grades are sometimes expressed in degrees, the angle 
that the incline makes with the horizontal being measured. 
This is an inconvenient method, as the rise of the grade is 
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th.^ tangent of the angle and requires the use of tables c 
natural functions to determine the amount of rise. 

11, Deterrainatlon ot Grades. — Accurate elevations ' 
are taken as the road is advanced and a profile platted 
showing the rise and the height of the excavation between 
the floor and the roof. The elevations are also taken on 
c^ross-entries for 100 or 200 feet in order to bring them to a 
grade that will correspond with the main-entry grade where 
the switch is placed. Grades are deceitful, so that the engi- 
neer does not trust his eye, but depends on his instrument for 
'Measurements. Mine roads should be graded before the 
'^aclis are put.down, because then the bottom can be lowered 
***■ lifted and at the same time the top can be taken down, if 
**iat is necessary to keep the area uniform and afford head- 
^*^oin, without the inconvenience or expense of doing the 
*'*''*^x-k when tracks are down. 

I'he accurate method of measuring grades in mines is by 
"^ use of a mining transit or a Y level and rod; but for rough 
^''^de measurements, a straightedge 100 inches long may be 
^l^ horizontally by means of an ordinary spirit level and the 
^ Stance measured from the end that is off the ground to the 
^^^Ound. This distance, expressed in inches, is the per cent, 
^^^de. . 

GAUGE OF MINE TRACKS 

12. Wldtli of Gaiiee. — The cau^e of a track is the 
^^ stance between the inside edges of the heads of the rails, 
^'his gauge should conform to the conditions peculiar to the 
t^articular mine in question. The thickness of the seam and 
the character of roof and floor determine in a general way 
the size of the haulage roads, as explained in Methods ot 
IVorking. and consequently o£ the mine cars that pass 
through them. The question of economical haulage considers 
a minimum number of cars having a maximum capacity. 
Since the car length is limited by the necessarily short wheel 
base to about 10 feet, and its height by the thickness of the 
seam and limit of easy hand loading, the remaining dimen- 
sion or the width of the car is usually the variable factor, j 
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To obtain the mazimiiin capttcity required, the width of the 
car must be increased, thereby requiring a broader gauge for 
stability. A broader gauge reduces wear and tear on tracks 
and rolling stock, and requires outside wheels, which are 
cheap, easy to lubricate, and easy to replace. Cars with a 
relatively narrow gauge run more easily around sharp curves, 
and they are generally made with inside wheels. With wheels 
inside the frame, the capacity of narrow-gauge cars may be 
made to almost equal that of cars of broader gauge, but they 
lack the stability of the latter. With narrow gauges, shorter 
ties can be used, reducing the amount of cutting in the bottom 
of a thin inclined seam,, and leaving more room available for 
ditching and for gob room, but with a very narrow gauge too 
little room is given for the mules to tread, and they frequently 
slip on the rails or inclines and at curves. 

The most common track gauges in coal mines are 80, 86, 
42, and 48 inches, but these are not absolute, as small< 
and larger gauges are often employed. Granges less 
26 inches make the cars top heavy and gauges more thai 




48 inches require large curves and extra wide haulage ways ^-& » 
room necks, etc. 

In proportioning the gauge of a track to a given width o — f 

entry, provision should be made, if possible, to allow for 
passageway between the car and the ribs, or at 
between the car and one rib, so that a man and a mule ci 
pass between the car and the rib. 

In laying a track to a certain gauge, a track gauge i 
. o , used. Fig. 2 show 




j^ ^^i""""^ this tool made o 



-€auf9 



1-inch round iron 



^^^•2 with lugs b and ^ 

welded near the ends. The distance shown from outside to 
outside of the lugs is the gauge of the track. 

An allowance of about i inch is made on a straight track 
between the wheel gauge of the car and the gauge of the 
track so as to avoid binding. A greater allowance is made 
on curves, the amount depending on the sharpness of the 
curve. The gauge should not be crowded when laying the 
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tt-^ck and should be placed a little ahead of the spiking, so a 
not to be hit by the hammers. The rails are brought to 
8ra.iage before spiking, and just before the spikes are driven 
home the gauge is placed on the rails and again after they 
ax^e spiked fast. 

TRACK MATERIAIiS 



TIES 

X 3. Main-entry ties should have at least a 5- to 8-inch 
f^<^e:, and be 4 to fi inches deep; their length will depend on the 
ff^uge of the track, but they should project from 8 to 12 
*ciot»es on each side of the rail to give the roadbed stability 
^"^(i the ties a resting surface for the transmission of weight 
t*^ the roadbed. The wood of main-track ties should be 
^^estnut, oak, or hard pine. Locust ties are very serviceable, 
'^^^t it is not probable that they can be had in sufficient 
'^'•^Tinbers to meet the demand. In case the above woods are 
^*^t to be had, other woods will naturally take their place, but 
^^ STich is the case their faces should be enlarged. Sawed 
*^=s are not as durable as hewed ties with the bark removed. 
~ CI>n cross-entries where 20- to 30-pound rails are used, the 
^^ s may have a 4- to 6-inch face and be 4 to 5 inches thick, 
^*^ rooms, the ties need only be faced 3 or 4 inches, or 
^^^fiBcient to form a flat surface for the rail to rest on. 

X_4. Laying Ties. — Before the ties are put down, the 

^*^^.dbed should be surfaced and brought to grade. The 

^^Uter points should be put in place so that the ties should 

^ nearly in the position they will occupy when the rails are 

^I^ited to them. Many lay the ties and the rails before the 

"*^*^a.dbed is surfaced and brought to grade; this method is 

] *^*^t recommended except where surfacing material must be 

*-**^-C»ught from a distance in cars, because the roadbed will 

*^'^t he as firm and will need attention until it has thoroughly 

®^ tiled. 

US. If a fireclay bottom is wet, the ties sink into it; and j 
** animals travel over such a roadbed, it soon becometl 
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muddy and affords an insecure footing. Where depressions 
in the floor allow water to accumulate, this state of affairs is 
particularly apt to occur, so that especial attention should be 
paid to the ditching in order to drain off the water. If the 
water comes from the roof and drips on the track, the soft 
clay must be dug out and ashes substituted. The ashes may 
absorb the moisture and dry the fireclay to such an extent as 
to make the roadbed serviceable, but in case they do not, 
additional ties should be put in so that the ties are close 
together. If it is necessary to place the ties close together 
when the road is first laid, only a part of the ties are spiked 
to the rails until the track and bed have been put in shape; 
then the rails are spiked fast to the other ties. This forms 
a corduroy roadbed and will afford a fair roadbed and track, 
although it may need overhauling from time to time as the 
clay swells up and mixes with the cinders. 

In some mines that have soft clay bottoms, it is the cus- 
tom to lay mud-sills of 3'' X 12'' plank parallel with the track 
and on these to place the cross-ties. The planks are some- 
times placed skin to skin; the same care, however, is neces- 
sary 'in this as in the former case to provide for drainage 
and to prevent the clay oozing up between the planks. 

16. Spacing Ties. — The ties are supports for the rail, 
which acts as a beam supported at regular intervals and with 
a moving load on it. The moving load causes a much 
greater stress than a quiescent or dead load, and the rails 
bend as the cars move over them. The closer together the 
ties are placed the greater bearing surface do they furnish to 
the rails, and, therefore, the less bending is there of the rails 
and the less sinking of the track as a whole. 

The ordinary spacing on main entries is from 18 inches to 
2 feet, measured between the centers of the adjacent ties. 
In speaking of the spacing of ties, the distance between the 
edges of the ties is sometimes used instead of the distance 
between centers. Thus, if the ties have an 8-inch face and 
are spaced 2 feet from edge to edge, there will be 21 feet 
between the centers, which is too great a distance for a 
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oad-bed on which there is a heavy trafSc, as the ties wilt be ^^^| 
ut and the spikes loosened by heavy loads passing over them. ^^M 

On cross-entries, a distance of 2» to 3 feet between centers ^^H 
s allowable where 30-pound rails are used. Ties for room ^^M 
*ack have a 3- to 4-inch face and sufficient thickness to take ^^H 
36 spike, and are placed from 3 to 4 feet apart. ^^M 

The ends of the ties should be lined up alonEf one side of ^^H 
3e track, so that they are the same distance from the rail. ^^M 
Sach tie should be at a right angle to the rail on a straight ^^M 
rack and on a curve along the radius of the curve. ^^H 

17. The uumber of ties in any given distance depends ^^H 
m the distance they are placed from center to center. This ^^H 
leing known and the cost of ties being known, that factor ^^M 
rhich enters into the cost of a roadbed can t>e calculated. ^^H 

TABLE I ^H 

SOMBER OF TIES ^^| 


Distance Center to 
Center 
Feet 


Number of Ties 

per 100 Var.3s 

of Track 


Number of Tiea ^^M 
per Mile ^^M 


K 


172 
150 
133 
120 
109 
100 


3.520 ^^1 

^1 


RAILS AND HAIL TITTINGS ^^M 

18. Weight Of Kuils.— Rails should be purchased with ^^M 
•eference to the position they are to occupy in the mine. ^^M 
dain entries should have heavier rails than cross-entries, and ^^H 
he cross-entries heavier than rooms where iron is used in ^^M 
oonts. The weights and dimensions of American rail sec- ^^H 
ons-tip to 60 pounds per yard are given in Table II, also ^^M 
le tons of rails per mile of track. ^^H 



12 



TRACKWORK 



§4: 











* 1 




































S"S 




































« 




^ 


^•4 


o 


ON 


t^ 


tn 


M 


00 


lO 


H4 


r^ 


^ 


N4 


ts. 






1 




-5 


0S 


• 

o 


to 

• 

CI 


CI 

• 


O 


00 

• 


• 

CI 




CI 

• 


• 


^4 
• 

o 


• 


• 

OS 


• 

CO 






1 


> 


« V. 






^4 


^* 


^m 


^^ 


w 


w 


CO 


CO 


'^ 


"^ 


'^ 


ui 






1 

1 


S 

kM 

u 




^ 
























t 

1 










































4)^ 




































1 


^a 




































, 


a 




































» 


C v^ 


« 




























I 




- 


' 'j:^ 


%v 




o 


/^ 


<^ 


^ 




c 




o 


O 


o 


o 


o 


o 'L 




• 


• ^ *t; 


c 




o 


o 


n5 


^^ 


o 


CI 


CI 


X 


X 


'^ 


'T 


"^ 


o ; 




1 




s 




«i4 


tn 


3^ 


•*: 


t^ 


ir: 


tn 


CI 


CI 




o 


o 


oc i^ 






1 c 


«^ 










m» 


«k 




^ 




•^ 




•fc 


•fc 


^^m 




1 


^ 










— 


•i* 




"* 




*^ 




^4 


CI 








'*' 




































J= 


«l 


































be 


c 




^ 


— 


•- 


— 


« 


w 


c« 


fc 


f»i 


TT 


'^ 


'^ 


nn 






« 




































^ 


V 






































X 


































■K ^M 


«OT 




































































^ 


mm ^ 


s 


t>^ 


^ 


•« 


*r. 


X 


tn 


"^ 


^ 


t^ 


TT 


M 


QC 


If^ 






i 


,^^ «% 


•* 


*r. 


^. 


■^ 


X 

• 


•>• 


X 


"^ 


• 


• 


• 


f>^ 


CI 

• 


X 

• 








*• ^^ 


^ 


X 


•* 


— 


*« 


^ 


rt 


-■ 


^ 


3C 


t^ 


*r. 


"^ 


CI 








^ 


«^ 


X 


"i 


*r. 


X 


•- 


^ 


f>^ 


•rl 


-• 


^ 
^ 


X 


vC 


^-• 








^ 


•■ 


^ 


•>• 


•^ 


••; 


* • 


^ 


m 


*^ 


tN. 


rs. 


X 


C?N 






** 


.* S 


?« 


^^ 






























jr 


^ •" 


r« 




























H« 




«j 
































•• 
































^ 


5 


































> 


^^ 


*■ ;*• 
































^ 


< 


<«' W 


J» 






























^ 


tf 


<C 


^* 




^ 




•* 


«^ 


flK 


c 


^ 




C 


** 


c 


c 


o 


< 




■^^ ^ 


ZI 




-t 




"i 


^ 


O 


'^ 


n 




W 


O 


X 


sC 


yr 






_^ 


= 




-* 




"^ 


«^ 


C*' 


o 


^*i 




c> 


^*» 


Ci 


C^ 


o 


V 




^ 


c 




— 
















— 


— 


•* 










« 



































n: 



3C ^ 






rx U-. -^ C X C t 
-^ *r. o t>. IN. X ^ 



. -^ * 



-IX •«« »x 
■^ N "M N 



-» "\ --". "T, -r "r -r -T '^ 



\-. 






r C i'" C 



-^r »r. »r. >Q 



§48 



TRACKWORK 13 



19. In order to calculate the weight of rails required for 
. ^ given length of road, the following rules for the long 
^ons required per mile or per 100 yards may be used. 

Kule I. — To find the number of tons of rails required for 
^ ^ile of tracks multiply the weight per yard by 11 and divide 
^^ product by 7. 

^Qle 11. — To find the number of tons of rails required for 
100 yards of tracks divide the weight per yard by 11,2. 

^^Ample 1 — How many tons of 35-pound rails wiU be required for 
^ ^ile of track? 

Soi^UTiON.— 36X11 ^ 55 T. Ans. 

7 ♦ 

*'^AMPLE 2. — How many tons of 14-pound rails are required for 
^^ ya.rds of track? 



^^ILUTION. — 

14 



= 1.25 T., or 1 T. and 560 lb. Ans. 



re, 



11.2 

^O. Cost of Bails. — Rule I. — To find the cost of rails 
^^^ired for 1 mile of tracks multiply the cost of the rails for 
^^ile of track at $10 per ton as given in Table Ily by one- 
^^A the market price of the rails, 

-^ule II* — To fifid the cost of rails reqtiired for 100 yards of 
^*o^, multiply the cost of the rails for 100 yards of track, at 
^O per ion, as giveji in Table II y by OTte-tenth the market price 
^he rails. 

\n purchasing rails, obtain, if possible, a price delivered 

^"t the mine, for rail mills sometimes obtain special freight 

^^tes, which purchasers cannot get. 

Example 1. — What will be the cost of 1 mile of 40-pound rails, when 
^he market price of the rails is $30 per ton? 

Solution. — From Table II, the cost of 1 mile of 40-lb. rails at $10 
per T. is given as $628.57. Hence, 

$628.57 X ^ = $1,885.71. Ans. 

Example 2. — What will be the cost of 100 yards of 25-pound rails 
if the price is $28 per ton ? 

Solution.— At $10 per ton, the cost of 100 yards of 25-pound rails 
is. given in Table II as $22.32. Hence, 

$22.32 X fS = $62.50. Ans. 
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21. Track Joints. — Rails should have their joints 
broken, that is, the joint between two rails on one side of the 
track should not be opposite the joint between two rails on 
the other side of the track. Care should be taken when lay- 
ing rails on the surface not to have the ends against each 
other but a little distance apart to allow for expansion, the 
distance depending on the variations of temperature. Under- 
ground there is little variation in temperature except near an 
intake, so little or no allowance is made in mines. 

22. Fish-plates are fiat metal plates placed on opposite 
sides of the rails at each joint and bolted to the ends of the two 
rails to hold them together firmly. Some think that because 
fish-plates are generally used ties are not necessary under 
a rail joint. It is best, however, to place a tie under each 
joint, even when angle fish-plates are used, since the bolts 
work loose and permit the ends of the rails to bend down. 

Fish-plates are supplied with the rails and- should fit the 
rails accurately. Their cost is separate from the rails, but 
they should be bought from the makers of the rails since 
different rail makers roll different rail sections and place the 
bolt holes in the rails to agree with their fish-plates. Two 
kinds of fish-plates are in common use — strap fish-plates and 
angle fish-plates. 

Strap fish-plates are simply flattened bars of iron with 
holes punched through them for bolts. The holes are made 
somewhat larger than the bolt to permit of rail expansion 
and contraction. In ordering fish-plates, the exact location of 
the bolt holes must be specified as well as the distance of the 
holes from the ends of the plate, as shown by the dimen- 
sions a, b^ Cy and d, Fig. 3. One of the most disagreeable 

f 




i 



Pig. 3 



features that trackmen have to contend with at mines is 
matching fish-plates, and the only possible way to avoid this 



TRACKWORK 



15 



is to specify the kind wanted, and have the rails punched to 
fit. The weight of the rail and if possible the section should 
be sent with the order. The section number and order can 
be bad from the maker's bill it no section drawing is 
available. 

The nuts on the fish-plate bolts will rust and will be dif- 
ficult to tighten or loosen unless some graphite grease is 
applied to the threads when the bolts are first put in place. 

An^le flsb-plates. Fig. 4, are intended to serve a two- 



: 




told purpose, namelj, to join the rails and also, by their 
shape, to prevent the rail joint from sagging; this latter is 
accomplished to a certain extent, with long angle fish-plates, 
but it is better to have the tie come vmder the joint. Angle 
fish-plates will be foimd serviceable on main entries where 
heavy cars and locomotives are used, as they possess con- 
siderable advantage over strap plates. 

23. Joining Different Rail Sections. — Where a rail 
of one section is joined to that of a smaller section, the fish- 
plates should be fitted to the rails as perfectly as possible in 
the shop and the bolt holes bored to correspond with the 
bolt holes in the rails. The fish-plates will appear as in a. 
Fig. 5. The tie under such a joint is dressed to permit the 
sections of rails that have different heights to rest solidly on 
their bases; or in some cases iron plates d are placed under 
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the smaller rail to bring it to its proper level with the larger 
rail. Such joints are necessary where more than one size of 
rail is used in a mine and special attention should be given 
them inlayingatrack. 
To avoid makin^a 
new fish-plate, a large 
fish-plate is often cat 
down; and if the bolt 
boles in the rails fit 
but one fish-plate, 
bolts are put only in 
one rail. Such .nun:-, .ire niiikeshifts and of doubtful practical 
use, although they may assist in preventing the rails from 
spreading; this latter feature is, however, doubtful, if tie j 
spikes are loose or the tie bad. ; 

24. Fisti-Flate Bolts ami Nuts. — Most fish-pjale bolts 
are made with rounded heads, and to prevent their turning 
in the holes the necks are made oval in shape and should fit 
the slot in the plale, for if the bolts turn in the holes wbBQ 
screwing up the nut it is difficult to make a rigid joiat or to . 
loosen the bolt when necessary^ with two men at work. 

If the holes are too large for the bolts, square-headed bolts 
may be used, 'hut these are objectionable, as the wheel flanges 
may strike them. To free the fish-plates, the trackman is 
often compelled to cut the bolt, and while this may be ibe 
result of the bolt rusting it frequently is due to the bolt oedt 
being too small for the l]sh-plale hole. 

25. Railroad Spikes. — Light rails are usually fastentd 
to the ties with 2i" X I" spikes, but a 3" X I" spike will give 
a more secure fastening. On account of the unevenness of 
cross-ties and the thickness of the rail base, which increases 
with the weight of the rail, the size of spikes should be such 
as to have a firm hold in the wood, and this is hardly possi- 
ble of accomplishment with a spike less than 3 inches long 
under the head. The traffic also has a bearing on the sice of 
spike used. On main entries with •iO-pound rails, the spikes 
should be at least 3i inches by A inch, and 4" X iV' spikes 
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TABIiE IV 

TRACK BOLTS 





• 

4 






For 30- 


Foot Rails 


Weight of 
Rail in 
Pounds 

per Yard 


Size of Bolts 
Inches 


Size of 

Nuts 

Inches 
Square 


Number 

Bolts in 

a Keg 






Number 

Kegs per 

Mile 


Number of 

Yards of 

Track per 


• 










Keg 


12 


iX2 


I 


793 


1.8 


991 


M 


iX2 


I 


793 


1.8 


991 


i6 


iX 2 


I 


793 


1.8 


991 


i8 


iX2i 


I 


654 


2.2 


817 


20 


iX2i 


I 


654 


2.2 


817 


25 


iX3i 


I 


576 


2.4 


720 


30 


1X3* 


li 


329 


4.3 


411 


35 


IX3i 


li 


329 


4.3 


411 


40 


1X3* 


I* 


216 


6.5 


270 


45 


iX3* 


li 


216 


6.5 


270 


50 


iX3i 


li 


208 


6.8 


260 


55 


f X3l 


li 


208 


6.8 


260 


6o 


1X4 


li 


200 


7.0 


250 



are not uncommon. Usually four spikes are used to a tie on 
straight tracks, although on curved tracks this number may 

be increased to six. All the spikes 
should not be placed in the center 
of the tie, as the tie may split. If 
the spikes on the inside of the rail 
are placed on one side of the tenter 
and those on the outside on the 
other side of the center, the tie will 
not slide as it will if the spikes are 
Fig. 6 placed opposite each other. Spikes 

are driven with a special hammer, known as a spiking 
liammer, or maul, Fig. 6. These vary in weight, but a 
6-pound hammer with a long handle is heavy enough for 
mine work. 
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^^^B 26. Bplkinff Ralls. — In laying track, two or morerai^-^' 

^^^m are joined with fish-plates and lined up with reference to tt:^^^ 

^^H ends and centers of the ties and in as straight a line ^^' 

^^H possible. The rails are then spiked first at the joints, thei-J° 

^^B at the center, then every other tie, and lastly each tie, th '^ 

^H order of spiking being used so as to line the rail, which m^^y 

^H be slightly bent during spiking. The second rail is p^u- vt ' 

^m down in a similar manner and is properly spaced by lt::^a^ 

^1 track-gauge. Spikes should be started vertically and aft^^S"* 

H they have a firm hold in the wood a heavy blow will ser~^=»*^ 

■ them nearly home. The head is given a side blow towa:^^^^ 

■ the last in order to have it bend over the rail base. The ' — i.e 
I must be held firmly against the base of the rail during '"^ ~ ■» 
[ spiking; this is usually done by a man with a crowbar, cinc:z=L ~~ii, 
'. or nipping bar, sometimes by two men with bars on em^ ■.!! 

■ side of the tie. In laying mine tracks, it is not custom ^^fc__rj 
I to have a large track gang. As one man holds the tie to ■•z^^hi 

^^^ drives the spikes. The cinch bar is a forked bar tbaf 

I straddles the tail and fits under the tie, and by putting 

' weight on the handle the tie is brought close to the rail. 

I One man sometimes uses this tool and drives the spikes at 

I the same time. 

27. Benillns and StralKhtenlns Ralle. — Mine null 

' are bent by the rail beuder, or Jim crow. Fig. 8 

that consists of a U-shaped iron with two hooks a, 6 at the I 
ends, which pass over or under the rail. There is a feed-m 
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in the U bar at c to take a feed-screw (/, the latter being 
turned by a nut and the wrench /, Rails should be bent 
gradually, the screw being given but a few turns, then 
loosened, and the bender moved a few inches farther along 
the rail and again tightened. This operation is repeated 
until the rail has reached the desired shape. 

Sometimes rails are bent by nicking the base on one side 
with a cold chisel and then bending them by the aid of some 




stationary objects such as a prop and a coal pillar or over a 
pile of ties. The rails should be bent to the desired curve 
before being placed in the track, and this can best be 
accomplished in daylight outside the mine. 

If rails are accidentally bent, they should be straightened 
before they are placed in the track. Kinks may be removed 
by jim crows, the straightening being done gradually, as 
when bending. Rails are not easily straightened by striking 
them with a sledge, but they can sometimes be straightened 
by bending them between the props and the ribs; in fact, at 
some mines this is the plan followed. 
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BALLABTmO AND LINtNO THE TRACK 

28. Ballast is the material filled in between and arc 
the ties. The reason for ballasting a track is that the whol^' 
track may be firm and rigid. It is important that the ties 
should rest on firm ground, therefore the ballast is tamped 
under the lies, particularly under the ends of the ties near the 
rails. The weight of the cars comes on the rails and is trans- 
mitted through them to the ties. Where the lies are not 
properly tamped with ballast under the rails and ends, they 
move up and down as the loads pass over them and gradually 
this movement draws the rails out of line and causes the 
weight of the cars to shift to one side. This shifting of the 
weights makes the haulage difficult and also tends to throw 
the track still farther out of line. 

29. The choice or bullust is generally confined to the 
material that is at hand; viz., draw slate. If the floor is hard, 

but inclined to be wet, broken sandstone 
topped with slate will form a ballast that 
will permit water to drain from the road- 
bed, and still keep the top dry. Where 



the fioor is inclined to heave, it is 
removed from time to time and cinders 
substituted. Fireclay when wet allows 
the ties to sink, and it is then difficult for 
animals to travel over the roadbed; to 

correct this, the soft clay is dug out and removed and the 

hole is filled with cinders. 

30. The tools used for bringing the track up to grade 

are crowbars and track jacks, but the latter are preferable. 
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Fig. 9 shows a tract jack resting on a base A. The jack is 
placed between the ties with the lug B tinder the rail. By 
means of the lever (T, the rachet bar ZJ is raised; and as 5 forms 
part of the bar, the track is raised at the same time. A trip- 
per £ is so arranged that the bar Z? can be dropped quickly 
and at will. When the track is raised to the desired grade, 
the ballast is shoveled under the tie until that rests firmly. 

31. To Hue lip the track, as soon as it has been raised 
to the proper grade, the track boss sights along the rails 
to see if they are in a straight line. If not, the track 
force by means of bars move the track and ties either right 
or left as the track boss directs until the alinement is perfect, 
sighting along the rail to a light held some distance away. 
In mines, it may be necessary to use a center stake or roof 
station with the track gauge, in order to line up the track, 
since the sight is not as good as in daylight and may not be 
trusted. It is often difficult, in mines, to find stakes with 
which to line tracks and to drive them in a hard bottom, for 
which reasons the centers given the entry drivers can be 
used by hanging plumb-lines to them. 

A D-handled tamping shovel is used for tamping when the 
material to be tamped is fine; but for stone ballast, the 
tamping bar. Fig. 10, is preferred. The tracks having been 



I 



lined, the tamping bar is used to pack the tamping under the 
tie, particularly under the ends where the weight comes. 



CURVES ON MINE ROADS 
32. Sharpness of Mine Curves. — When curves are 
necessary on haulage roads, they should be made with as 
large a radius as the conditions will allow, so as to permit 
of an easy movement of the cars. Mine curves must neces- 
sarily be much sharper than the curves used on the surface 
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road, since cross-entries are usually turned at right anjrles 
from main entries and the rooms at right angles to the cross- 
entries. The curve in turning one entry off another should 
have a radius of from 60 to 100 feet for track gauges of from 
36 to 48 inches, and where the wheel base of the cars is from 
24 to 30 inches. Sharper curves are sometimes necessary, 
and, although not advisable, ihey are often used, particularly 
in connection with animal haulage. 

33, Method of Designating Carves. — Curves may be 

designated, first, by the length of the radius to the center 
of the track; second, by the degree of the curve. The first 
of these methods is used for sharp curves and very generally 
in mine work, while the second applies particularly to surface 
work, although it is occasionally used when speaking of 
curves on mine roads. 

34. Hadlus or Curvature. — The length of the radlua is 
usually stated in feet, and for 

a railroad track is measured 

to the center of the track. To 

measure the radius of a curve, 

stretch a string or straight- 

\ j / edge across a curve from a 

\ i / to c, as shown in Fig. II, then 

\\/ measure the distance from 

J the center of this string b and, 

P"^- " at right angles to it, to the 

point d on the curve, the points a, d and c being all on the 

inner edge or gauge line of the rail head and then 

^= idb 

If ab and db are measured in feet, the radius will be given 
in feet; if measured in inches, the radius will be given in 
inches. If the measurements are taken on the inner rail of 
a curve, one-half the track gauge must be added to the calcu- 
lated radius to give the radius of the track. If the measure- 
ments are taken on the outer rail of the curve, one-half the 
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TABLE TI 


■ 


^m 




DBGREE ASD RADIUS OF CUBVATUBB ^^B 


Degree 


Radius 


Degree 


Radios 


Degree 


RfLdlna ^^M 


^ ■ 


5.739-65 


35 


166.28 


68 


'^H 


H' 


2,864.93 


36 


J61.80 


69 


^^M 


H-' 


1,910.08 


37 


157.58 


70 


^H 


■4 


1,432.69 


38 


153-58 


71 


86.,. H 


■ s 


1,146.28 


39 


149-79 


72 


^H 


■ ' 


955^37 


40 


146.19 


73 ■ 


^H 


H' 


8ig.02 


41 


142.77 


74 


^H 


H.8 


716.78 


42 


139.52 


75 


^B 


V' 


637.28 


43 


136.43 


76 


H 


»o 


573-69 


44 


133-47 


77 


^M 


' „ 


521.67 


45 


130-66 


78 


^H 




478.34 


46 


127.97 


79 


^H 


■ 3 


441.68 


47 


125.39 


80 


7779 ^H 


"I 


410.28 


48 


122.93 


81 


^H 


! .5 


383''7 


49 


120.57 


82 


^M 


16 


359-27 


50 


118.31 


83 


^M 


17 


338-27 


SI 


I16.14 


84 


^H 


18 


319.62 


52 


114.06 


85 


^^1 


19 


302.94 


53 


112.06 


86 


^^M 


20 


287.94 


54 


110.13 


87 


^M 


ZI 


274.37 


55 


108.28 


88 


^M 


22 


262.04 


56 


106.50 


89 


^ 


23 


250.79 


57 


104.79 


90 


70.7. ' 


24 


240.49 


58 


103.14 


9' 


70.10 


25 


231.01 


59 


101.54 


92 


69.51 ^J 


26 


222.27 


60 


100.00 


93 


^M 


27 


214.. 8 


61 


98.52 


94 


^H 


28 


206.68 


62 . 


97.0S 


95 


^H 


29 


199.70 


63 


95.69 


96 


^B 


30 


193-19 


64 


94-35 


97 


^H 


31 


187.10 


65 


93.06 


98 


^M 


32 


181.40 


66 


91.80 


99 


^H 


33 


176.05 


67 


90.59 


100 


^M 


34 


171.02 
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track gfaugfe must be deducted from the calculated distance to 
determine the radius of the track. 

Since the curves in mines are not always laid out with 
great accuracy, it is advisable to repeat the measurements at 
different parts of the curve; and in making the measure- 
ments these should not be taken from the ends of the curve, 
for if any portion of the straight track is included in the part 
measured the results will be incorrect. 

Example. — If the measurements are taken to the inside rail of a 
mine track whose gauge is 3 feet and the length of the cord ac^ 
Fig. 11, is 24 feet, or 288 inches, and the vertical distance ^^ is 
12 inches, what is the radius of the curve measured to the center of 
the track? 



Solution. — Using the formula, R = — rr^^^r — , ab ^ 288 -5- 2 

= 144 in., and db — 12 in., then 

^ = 111X1^^4^±J22U2 ^ 3,„ .^ ^ ,2 ^ g .^ 

One-half the gauge 3 ft. is 1 ft. 6 in., and adding this to 72 ft. 6 in., 
the radius of curvature to the center of the track, 72 ft. 6 in. + 1 ft. 
6 in. = 74 ft. Ans. 

The above method for determining the radius of curvature, 
although only approximate, is sufficiently accurate for most 
purposes. 

Table VI for the relation between the degree of curvature 
and radius is calculated by the correct formula, as explained 
fully in Mine Surveying, Part 4. 

35. Tjayiii|i: Out Curves. — Curves are sometimes laid 
out under<^round with the transit as in surface work, but 
there are a number of ways of doing this without the use of 
the transit that give very satisfactory results. 

Suppose that it is required to connect the two headings A 
and B, Fig. 12, which are perpendicular to each other, with 
a curve of 00 feet radius. Prepare the device shown in 
Fig. lo, by taking three small wires or inelastic strings f^.gh^ 
and gk, each 10 feet long; connect one end of each to 'a 
small ring and the other ends of two of them to the ends of a 
piece of wood I'rJ feet long; form a neat loop at the end / of 
the string ^^/. To use this device, lay off on the center line 
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of the heading B,cd and de equal to 60 feet and 10 feet, 
respectively. Place the loop / of the device described over 
a small wire peg driven in at e, and the ring^ over a simi- 
lar peg at d. Take hold of the stick h k, pull the strings ^A 
aa^gk taut, and place the center mark of hk on the center 
line of the heading B. Drive a small peg in at m, located 
1 by the point k, which is on the curve. Move the device 







/ 

/ 

/ 



forwards, place the loop / over the peg at d, the ring g over 
the peg at m, and take hold of the stick hk and pull until 
the strings g/i and gk are taut, and the strings fg and gk 
are in a straight line. The point k will fall on the cirrve 
at n, which mark by driving in a peg. To locate other 
points, proceed exactly as in the last step. The distance cd 
in any case is found by the formula, 

cd = R tan k I' (1) 
in which E = radius of curve; 

/ — intersection angle of center line of headings. 
The length of the stick A i is found by the formula, 
hk='^ (2) 



36. Fig. 14 shows a graphic method of laying oat 
., when it is desired to connect a main entry a with a 
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cross-entry * by a curve of a given radius, c is the point 
of curve on the main-entry center line and d is the point 
of tangency on the center line of the cross-entry, which 
is assumed to be turned off at right angles from the main 
entry. From c and d describe arcs with a radius equal to 
the desired radius of curvature, thus locating the center e of 
the curve. From this point with the same radius describe the 




Fig. 14 

curve cd, which is the center of the proposed passageway. 
Draw the curves fg and // z, making the curved entry any 
desired width. Draw a line j k so located that it will not cut 
either rib of the curved roadway. On this line, lay off points 
5 feet apart to the given scale and scale ^the right and left 
distances to the rib, as shown in the figure. If a plat of 
this kind is drawn at a large enough scale, the angles and 
distances may be scaled sufficiently accurate for the practical 
work of the mine foreman. A blueprint or tracing of the 
plat is furnished to the mine foreman, and from it he lays 
off the right and left distances from the center line of the 
main entry and from the line j k. The line j k is located by 
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means of two stations placed with the transit at 6 and a 
aoint either to the right or left of 6, as may be most con- 
i^enient, and along the line bl. For the distances given in 
ihe illustration and the radius of curvature of 70 feet, the 
angle c/A as taken from the drawing is about 120° 15'; the 
angle at J Id, about 149° 45'; the distance c/, 35 feet 9 inches; 
y'/, 5S feet; and Id, 11 feet 6 inches. These distances are 
E'ven as about so much to show that they are scaled from 
R drawing and are not calculated by trigonometry. 

37. Difference In Lengtli of Innep and Outev Ralls 
«f a Curve. — It is evident that the radius of the outer rail 
«£ a curve is greater than that of the inner rail, and with 
short mine curves this is more noticeable than in curves of 
larger radius. In determining the number of short rails for 
a curve, the following rule will give the difference in length 
of the inner and outer rails: 

Bule. — Multiply ihe gauge of the track by the length of Ike 
'^rve, all in feel, and divide lite product by the radius of ilie curve. 

Example. — A curve having a radius of 70 feet is 115 feet in length; 
he gauge of the- track is 3.5 feet. What will be the difference in 
engtb between the inner and outer rails of the curve? 

Solution. — The difference in the lengths of the inner and outer 
'ails, in this case, is, calling this differeoce x 
_ 3.5 X 115 _ 
^ 70 



= 6.75 ft. Ana. 



38. Middle Ordinate for CarvinK Ralls. — When lay- 
ing track on curves in order to have a smooth line, the rails 
must be bent to conform to the center line of the curve. As 
a guide in bending rails, the middle ordinate of any rail can 
"he found from the following formula, 
_ c' 
' ~ 8R 
in which m = middle ordinate; 

c = chord, assumed to be of same length as rail; 
R = radius of curve. 
ExAUPLH 1.>-What is the middle ordinate of a. 30-faot rail, the 
tadins of the curve being 70 feet? 
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30* 
Solution.— m =» p ^ -^ = 1.6 ft. Ans. 

Example 2. — What is the middle ordinate for an 80° cnrve, the rail 
being 24 feet long? 

Solution.— The radius of an 80° curve is, by Table VI, 77.79 ft ; 

"^ - 8 X 77.79 " 622:32 - -^^"^ "• ^°^- 

To insure a uniform curve to a rail, the quarter ordinat 
at d and d\ Fig. 15, should be tested; and in all cases 
quarter ordinates should be three-quarters of the middT 





Pio. 15 

ordinate. If the rail is properly curved, the quarter onrrrdi- 
nates for an 8° curve, given in Fig. 15, will be i X U = 1 jf 
or practically If inches. 

39. Widened Track Gaug^e on Curves. — Theor^^tic- 

ally, in order that the trip may pass around the curve nnmost 
easily, every axle in a train should point to the center of the 
curve, and the outer wheels should be larger than the in.:ner. 
This is, of course, impracticable, since the axles must he 
fixed and the wheels of the same size. A slight difference 
in the diameter of wheels is secured by making the tread of 
each wheel inclined so that the diameter near the flange is 
greater than that on the outside of the tread. 

With fixed axles and on a sharp curve, the running gear of 
a car or locomotive binds as the front wheel presses against 
the outside rail and the rear wheel against the inside rail. 
To overcome this, the difference in gauge between the car 
and the track is increased on curves. The amount of this 
increase depends on the gauge of the track, the wheel base 
of the car, and the radius of the curve, the maximum being 
limited, of course, by the tread of the wheels. Experiments 
have shown that, with a narrow-gauge track having sharp 
curves over which locomotives and cars with short wheel 
bases pass, a good rule is to widen the gauge of the track 
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"** ^^ot for each 2j° of curvatur*, that is, on a 40° curve the 
track gauge should be increased 1 inch. On the very sharp 
curves frequently necessary in mines, the gauge should be 
wioened as much as the wheel tread will allow, and in some 
case^ it is well to lay guard-rails on the carves inside the 
™tls, so that if one wheel mounts the track the other will not 
foUovf, but will pull it back on to the track. 

■*0. Elevation of Outer Ball on a Curve. — When a. trip 
°* *^ars drawn by a locomotive or a mule goes around a curve, 
^^ centrifugal force crowds the outer wheel against the rails 
"*i tends to tip over the cars. This tendency depends on 
^^ speed of the train and the shortness of the curve, and to 
*^'^i3teract it the outer rail of a curved track is raised so that 
^^ trip will lean inwards sufficiently to counteract the tend- 
^Cy to tip over at a given speed and on a given curve. 

If the trip is hauled by a rope on sharp curves, the inner 

^'l instead o£ the outer is elevated, since the pul! of the 

*~*E»e tends to tip the cars inwards. In passing around a 

^*""ve, the speed is usually slow and the tendency Of the 

^lie to tip the trip inwards is opposed to the tendency to 

^C» outwards, due to centrifugal force. If these two forces 

,^^Xance each other, the two rails are laid at the same height. 

_*>-e degree of curve and the speed determine which, if 

*tTier, of the rails shall be elevated. On a slope haulage, 

^^"wever, operated by a single rope, when the weight of the 

,^-^s traveling on the slope is sufficient to draw the rope ofif 

r^*« hoisting drum, the rails on curves should be elevated on 

^_^^e outside, as the centrifugal force only acts on the cars 

^ing lowered; the elevation in such a case should, however, 



I 

^« moderate, so as not to interfere with the trip when being ^^h 

I^iawn out by the rope, when, of course, the tendency is to ^^^| 

Mp the cars inwards. Table VII gives the elevation of rail ^^^| 

for different degrees of curvature and for a 42-inch track, ^^^| 

. assuming a speed of 10 to 15 miles per hour. ^^H 

It is not generally advisable to elevate the rail more than ^^^| 

4i inches, since it is not advisable to attempt to run trips ^^^^ 

aroond sharp curves at a high speed. ^^^H 
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The nde for •lan c hu f d -gMge nMids (SBi indies) on soifeoe 
end for ^eeds of 85 to 85 miles per hour is to elevaiie Ae 
outer nul i incli for eadi decree of ^nrvstiire. An ap pro sr 
tmate nde often given for narrower ganees is to make Ae 
elevation fxrofXHtional to die ean^ based on die amounl 
given above for standard stance. Thns,for a36-indi ganse, 
die elevation would be about two-diiids oi die elevation for m 
SS^-indi gauge of die same ^>eed and curve. 

The elevations of the outo* rail given in Tabie Vil oone* 
q^ond to die middle ordinates of dieieqpective corves for n 
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chord of 20 feet. Hence, a common rule to determine the 
amount of the elevation of the outer rail, for a speed of 
15 miles per hour for a 3-foot gauge, is to measure the 
middle ordinate of a string 20 feei long, stretched as a chord 
on the gauge line of the outer rail. For higher or lower 
speeds, make the length of the string proportional to the 
speed; thus, for a speed of 12 miles per hour, use a 16-foot 
string, for 9 miles per hour, a 12-foot string, etc. Also the 
elevation should be proportional to the gauge; thus, for a 
SO-inch gauge, use five-sixths of the above elevation, etc 
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The general rule is to begin to elevate the rail a short 
distance before the curve begins, this distance depending on 
the amount of elevation required. It is, however, not always 
practicable to do this in mine work, 

41. Reduction ot Grade on a Curve. — On surface 

railroads, it is customary to reduce the grade on a curve so 
that the resistance on the curve due to the grade and to the 
curve shall be equal to the resistance on the straight track at 
steeper grade. A reduction of rlu-foot grade for each 
degree of curvature is often made on curves. For example, 
if a 20° curve occurs on a road that is being laid on a 5-per- 
cent, grade, the grade on the curve is reduced 20 X -riir 
= iVtr = .4 per cent., thus giving a compensated grade of 
6 — .4 = 4,6 per cent, on the curve. This rule applies to 
light grades and curves of a large radius, but for heavy 
grades and sharp curves, such as it is sometimes necessary 
to use in mine work, the rate of compensation should be 
increased. On a narrow-gauge road, a compensation of 
Totr foot for each 100 feet and for each degree of curvature 
is said to give good results on 40° curves and 4-per-cent. 
grades. It is not usually customary in underground work to 
thus reduce the grade on curves, as the gain will not ordi- 
narily warrant the additional labor necessary to put in the 
work properly, 



MINE SWITCHES 

42. Definitions. — A switch is a device for enabling a 
car or a trip of cars to pass from one track to another. The 
term switch is also frequently used in a loose sense to apply 
to the whole side track or turnout, and a car standing on a 
side track is frequently said to be standing on the switch. 
The use of the term here, however, will be restricted to the 
first definition and will not include the side track or turn- 
out. The several parts of a mine switch are shown in 
Fig. 16. 

There are two general kinds of switches in use, the split 
switch shown in Fig. 17, and the stub switch. Fig. 24. 

149—20 
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. The patet «C switdh is dMtt point is 0m ttwA lAen i 
cv psMC* noBi ne nunii fine on to ds mill of a imiwl 

ne polat «< froB is tte intenection of die esufelmtt 
of Ae main tndc and Ike turoouL 

The lend of ■ ewltdi, or teas dlstasee, is tiw dtsUnx 
measufcd oo Ibe. main line from tlie point oi swiCdIi to Ae 
pcnnt (rf froc. Owinc to tlie limited room fm' side tndt on 
niiiM ' -l if*'*°g* roads, rti^ lead ot tnin^ a w i t ch es is often andi 
dwrter dnn is need on smface roads and generallr coamls 
oi Imt s sin^ leogdi <rf raiL Where locomotives or npe 




hatila£:e are used, the lead of the switches must be longer 
than where mule haulage is nsed and the switches most be 
much more carefully designed and laid out. 

The lead rail of an ordinary mine switch is the turnout 
rail lying, between the rails of the main track; the follower 
rail is the rail on the other side of the tumoat correspond- 
ing to the lead rail, as shown in Fig. 16. The terms lead 
rail and follower rail are only used in reference to small 
mine switches. 

Bwltch rails, switch points, or latches are the 
movable rails that open and close the switch. These rails are 
tapered from the heels of the rail a', 6', Fig. 17, to the points o,' 
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to allow them to fit tightly against the permanent rails when 
the two are thrown together so thai the flange of the wheel 
^ill not catch the pomt of the sw tch ra 1 A s ^v tch is said to 
! when It IS arranged so that the cars pass from the 




tnain track to the side track, or from the side track to the 
Qiain track; and closed when it is arranged so that the cars 
pass along the main track. 

The tlirow of a switch is the distance through which it 
tnoves measured at the point. 

43. Length of SwItch.^Where loc6motive or rope 
haulage is used, requiring a longer lead than for mule 
baulage, the switch rails may be of any length up to about 
16 feet, depending on the lead of the switch. Long switch 

'»■■' 

aa' bb' are shown in Fig. 17, the points being joined 
by bridles or tie-rods c. A detail of the bridle is shown in 
fe'ig. 18. 

The length of the switch points for an ordinary mine 
Switch is generally only from 2 to 3 feet; these short rails 
are called latches. The latches turn on a pin a. Fig. 19, that 
holds them in position and which is usually a spike driven 
into a tie through a plate welded to the base of the latch rail 



k 



" al its heel, or broadest parL The bridle 6 joining ihes _^o 
mine latches is usually a flat piece of iron passing nnd e»=» r 
the rail and fastened to the latch, as shown. The latch m^^^^ 




be made of heavy bar iron, tapered to a point, with a bo"- 
hole tlirpugh the heel of the latch, 

The switches thus far described are known as spt3^/; ! 
switches, a term applied to any form using switch pai> 
or latches. 




SW TRACKWORK 

of the main track. The wedge-shaped part A is the tont 

3nd the extreme end a of the tongue .-! is the point. (The 

point of Irog is very close to the point of intersection of the 

eauge lines of the two rails. If the frog point were ground 

'o a knife edge, this point would correspond to the intersec- 

'Jon, but since the frog point is blunt the intersection is a 

^'lort distance ahead of the point.) The space b between 

tfae ends c and d of the rails is the muutli, and the channel 

'"at they form at the narrowest point e is the throat. The 

**eeiof the frog is that end lying from the point of the switch, 

''>at is, toward A'. The toe of the frog is the end lying 

5**Vf ard the switch, that is. toward b. The width h of the frog 

^ Galled its spread. The frog angle is the angle between 

r^^ gauge lines meeting at a'. The icngrtli of the frog is 

, ^ distance dl or ck between the toe and heel measured on 

.^*Vier rail. The ends of the rails / and £- are curved forming 

*- ugs, which guide the car wheels over the frog. 
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■^5. Kinds of Frogs. — There are several kinds of frogs, 
•^at shown in Fig. 20 is made up by riveting sections of 
^il to a heavy iron plate. Fig. 21 shows a frog that is a 
^lid iron casting with grooves or flangeways a for the 
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\rheel flange to travel in as it crosses the frog. An objection 
to the cast frog is that it works loose from the ties and 
requires constant attention; also, when the spikes once work 
loose, they will not again hold in the same holes. . 

Fig. 22 shows a form of frog frequently used in mines, f 
made by bolting together two rail ends beveled so that they 
fit properly. A hard oak block a placed in the frog angle 
between the two rails helps to stiffen the frog. 

The frog and the rails for a short distance on either side 
of it are frequently elevated so as to force the car wheels. , 
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against the tinfaroken rail on tbe other side of the track when 
crossing the frog. 

46. FroflT Nnmber • — ^The different sizes of frogs are 
designated by mannfactorers by nnmbers, which are obtained 
by dividing the length dl^ Fig. 20, by the sum of d and^ 
Thus, if the length ^/ is 5 feet; d, 5 inches; and A, 10 inches; 

5X12 



the number of the frog will be 



4. Frog nnmbers 



6 + 10 

run from 4 to 12, including half numbers, the spread of the 
frog increasing as the number decreases. If the frog angld 
is known» the frog number may be calculated by the f ormtila» 

2sinia 
in which N » frog number; 

tf a frog angle. 

47. FrofiT Anffle.— The angle ia^k, Fig. 20, formed by 
the- rails that form the tongue is termed the frog angle. In 
Fig. 28^ the lines ad and a^ form the. tongue of the frog 




Fig. 23 



and the line cd its heel; the angle cad is the frog angle; and 
by drawing the line ad to bisect this angle the right tri- 
angle adc will be formed in which the base d c will be one- 



half the spread cd. From trigonometry, tani^j = 



« 

ah 



If 



the length a ^ is 4 and the width dc is \,bc will be i. SubSti- 



^ 1 



tuting these values, tania: = ^ = - = .125, or i^j = 7° 8', 

4 o 

and a = 14° 16'. 
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STUB SWITCHES 

48. The stnb switcli is often used in mines instead ot 
the split switch, because it is cheaper and can be readily made 
in the blacksmith shop. The switch rails, a, b. Fig, 24, have 




stub ends and do not join the fixed rails c, d, e, f by about 
-J inch. The rails a and b are connected by a bridle and can 
be moved by a lever / so that the ends come opposite to the 
-rails c and d ore and / and thus make a practically continuous 
track. The ties underneath the rail ends must be wide and 
solid, and underneath the rails a plate is needed to prevent 
the metal from cutting into the ties and at the same time to 
permit o£ their being readily shifted. The lead of a stub 
switch is shorter by the length of the switch rail than the 
lead of a split switch. 



OPEBATINO SWITCHES 

49. Switcli Levers. — The small latches are frequently 
moved into position by the hand or foot without the use of 
a lever, but the longer switch points require a lever to move 
them. 

A simple form of bell-crank lever commonly used in mine 
switches is shown in Fig. 25. The ends of the bridles a 
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connecting the two loose rails of the switch are joined to the 
switch rods b, which are pivoted at c to the end of the bell- 
cranlis d, which are rigidly attached to the rod e supported 




in the pedestals /. By throwing the lever into the rTppn-i Btt 
position from that shown, the stub switch is thrown to t^~Ihe 
other rails. 

50. A different iorm of lever has been illustrated in 

Fig. 24. The crank on the switch lever must be of sucl i a 

length that when the lever is thrown the movable rails — I' ltf 
line up with the fixed rails. In making the crank, care sho" uJd 
be taken to center the pins so that the throw will not be ~too 
long or too short, otherwise the bridles will be bent or the 
cars may be derailed. The length of the cranlc should, be 
one-half the length of the throw; in other words, the dista.i7w 
the rails must be moved will be twice as long as the crani 
from center of shaft to center of pin. J 

51. A simple form of switch stand is shown in Fig. 26, 
The end of the bridle is connected by the switch rod a to the 
end of the lever h. This lever is pivoted at c, and by moving 
the arm b backwards and forwards the bridle and switch are 
moved in a direction opposite to that in which the lever is 
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ttioved. The lever is kept in place by a pin, put through 
iioles in the stand, and the whole stand is spiked to the tie d. 




^2. A target sw tch stand F g 2 s m lar tn those used 

** the surface is sometimes used in the 

^^■•-le in connection with motor haulage 

.^^ stems, and particularly at important 

^-^ints on the haulage road. The target 

^ed on the surface is replaced under- 

^^^ound by a lantern a. 

53. An autonintlc svrltch is one in 
^Vhich the latches are always set in one 
X^osition, being moved by a spring pole, a 
foiled spring, or balance weight that allows 
tie latch to open sufficiently for a car to 
^ass and then causes it to return to i 
original position. Automatic switches are | 
used where the cars always pass over a 
switch in the same direction. In mine work, a hickory spring 
pole is generally used to return the switch to its place; a strong 
pole 8 or 10 feet long is spiked to the ties outside of the rail, 
or on one side of the track, and run through a loop attached 
to the track. 




42 



TRACKWORK 



§4S 



54. A B\pltch-rod or head-rod is the heavy rod con — .^ 
necting the ends of the bridle with the crank-arm r, unde»- ^ 
the switch stand shown in Fig. 27, or the rod b. Fig. 2&«^g 
The switch rails slide on iron plates d spiked to the tig^ 
as shown in Fig. 17, 
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ROOM SWITCHES 

55. As the cars are usually hauled into and out of t^ 
room? by mules or pushed by hand, the room 8wltcii_ .^ 
do not need to be as elaborate as those on the main roa^;:^^ 
Fig. 28 shows a room switch with a cast-iron frog / ^^—^ 
fixed points a and b. 

The advantages of this switch are fixed points and tM:ie 
time saved when bringing cars from the rooms. Unle ss 
Jl oil im Ml lh=P°i«.is.nli.ewL -.b ' 
— * the mam track, the poL 3it 1 

b is liable to derail t^^^e ' 
car or cause it to r^t-Ja 
into the switch. ThtSs, 

however, can usually ^^w ^ 

avoided by making L'M^e 
rail c somewhat low^'er 
than the rail a. th «s 
causing the car wlaWe 
passing to cling to the rail r, and readily pass between the 
point b and the rail c, and at the same time causing the wheej 
on the opposite side to take the rail a. Another ^eat troabJe 
experienced with this kind of a switch is that where tbe 
wheels are allowed to remain on the cars after grooves have 
been worn in their treads, the wheel will invariably follow 
the rail d. The point b should be higher than the rail c. so 
that the tread of the wheel will not strike the rail c while the 
car is leaving the switch. The rail r being lower than 
the rail a, it is obvious that when a car is to be taken into 
the switch, the driver will have to push the car toward the 
rail d, so that the wheel will take the rail b and the flange 
of the wheel on the opposite side will pass between the 
point a and the rail d. 
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This form of switch is not applicable io the case of 
aiechanical haulage, because it does not give an unbroken 
"^ain line, which is essential to the steady movement of 
tile trip. 

56. The switch shown in Fig 29 has loose latches *. | 
Instead of a frog, a frog , H ff^ tCTl i?l| 

^^tchc is used, which re- 
<lUires the lead rail a to 
"^ raised a certain 
^'^^ight above the rail of t 
'**^ main track, so that 
"^^ latch c can be thrown 
^ '^iross this rail. The 
^tch c is held in position 
^t one end by a strong 

*^Olt, and at the other end by a piece of iron spiked to a plank 1 
'Underlying the frog, as shown. By the use of this switch, Iha j 
**iain track is broken only at the point of switch. 

shows a form of switch giving an unbroken 
switch has a fixed point; 
a frog latch c is used 
similar to that shown in 
Fig. 29, and a switch I 
latch a is used on the I 
follower rail. This latch J 
has a slight projection ] 
on its under side to pre- 
vent its slipping off the \ 
rail of the main track when in use. This form of latch is J 
undesirable, since, if, by the negligence of the driver the j 
latch is not removed after being used, it will derail c 
the main road, since it is not easily pushed aside by a caf J 
passing out. 

58. Special Switches,— Fig. 31 shows a rough arrange- 
ment where a turnout or any other condition requires the 
temporary use of a switch. The ordinary form for narrovf I 
gauges consists of a movable rail a, about 6 feet long, pivoted | 




on a ceoter *. Where the curve is not ereat, this airaogemenlft- _^ 
acts adoiirably where cars are poshed by hand, but for mul^ 




or locomotive haulat;ij il i: :,_■'. rL:^^;;::::--:.'-:^^. The dotti 
line shows the position of the rail a when the straight ros— lac 
is in use. 

59. Fig. 32 shows a switch for permanent tracks in cc:^aj 
mines. No frog or latch is required. By turning the lever i, 
the throw rod o moves the cranks ii:m, so that the rails rv^ill 
face the rail rf/, the rail « will face the rail 6, and the rail^ 
will face the rail /. The lead and other rails can be reduced- 
to any required length to suit circumstances. When the leai^ 
rail /J is from 12 to 16 feet long, and the other lengths are ' 




in proportion, tne switch gives excellent results. It shod 
not be made of less than 20-pound rail, and heavier will be 
better. The objection to this switch is that the point of carve 
comes where the stub ends of the rails face each other and 
there is an angle formed that causes the car to lurch. 
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to. Fig. 33 shows a double switch sometimes used 
ftre two turnouts enter the main road at the same point, 
ift short curves or "kinks" in the rails at the points a and rf 
'Objectionable, as they are apt to derail the cars if they are 




aing at a high speed. The switch is not in general use 

i preferable to use two switches, one set slightly 
Md of the other. 

51. Giiard-Kalls. — A gaard-rail is a short length of 

i spiked to the ties on the inside of the track opposite 3 

g. There is between the guard-rail 

I the main rail just sufficient space 

ithe flanges of the car wheels to pass 

dily. The chief purpose of the guard- 

{ is to crowd the wheels against the 

Jroken rail and thus prevent their 

tng the point of the frog. There are 

> common forms of guard-rails. The 

in A, Fig. 34, is curved throughout 

entire length, its central point a 
pg set opposite the frog point, thus 
Bging the wheels to gauge at this 
int. This form of guard-rail is 
pted to high speeds. The form 
^n at B, Pig. 34, is a straight guard- 
thaving its ends only slightly curved, 
lis to throw the flanges of the wheels 
Unst the unbroken rail; this is the common form used in 

e work. Where there is much traffic on the haulage road, 
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eoard-rajls shoold be idaced opposite e»ch room frog: to avoicn^ 
derailment. If tlie guard-rails are not properly I 
they will soon work loose, for which reason they are s 
times braced by wooden chairs being spiked to the t 
Guard-rails are seldom used on room switches, as there ^^Eis 
not much danger of a car jumping the track at this point 

Grade CroMlngB. — Two types of grade crossin^^^s 

. are commonly used in mines, ^s=a8 

J^^^ 3 iUnstrated in Figs. 35 and 36. :^7b 

^^^^P Fig. 35, both the maul line and t^Bie 

cross-road are ofi the same le v c l, 

and the crossing is made by t=3ie 

ordinary form of cxossing *" ig, 

consisting of rail sections ° r"' *^ 

in place as shown. Thi^ form of 

froir differs from a switch Ci "og 

only in the frog angle. The in^Hner 

""' ^ square rail section forms the go^^ud- 

rails for both tracks, and short wings, or outside guard-ra — ils, 

complete the crossing. 

63. In Fig. 36, the rails of the main haulage road are ~7e/l 
unbroken, and the cross-road 
is slightly elevated, so that 
the bottoms of its rails are 
on a level with the top of the 
rails of the main road. Short 
cross-latches c,c are then 
used to complete the track of 
the cross-roads. The cross- 
latches should each be held 
in place by iron plates placed 
at the end of the short rails a ''""* 

and having a shallow groove in which the end of the cros^*" 
latch may lie when in position. By this arrangement, tim.^ 
latch is more easily thrown aside by cars passing on th-^ 
main track if through neglect they have been left in place. 
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LATINO SWITCHES 

64. The kind of switch, length of lead, style of frog, etc., 
the necessary calculations, and the method of laying a mine 
switch will be determined by the conditions existing in the 
mine. In mine haulage, track room is limited; and to avoid 
unnecessary expense, it is generally necessary to locate either 
the point of frog or the point of switch, and lay the entire 
switch with respect to the location of this point. If the 
greatest possible length of side-track room is desired, the 
frog must be located on the main rail as far hack in the entry 
as will afford the proper clearance for the side track at the 
point where the entry narrows. The point of switch is then 
located by measuring the proper lead from this point. In 
Some cases, it will be necessary to locate the point of switch 
first, and the point of frog is then located by measuring the 
required lead from this point. 



Switch.— Let A 



65. Calculation of 

the main track, and /// 

the lead rail of the track 

turned off at one side. 

Using a split switch, g h 

is the switch rail, q its 

Kioint and k its heel, 

^ is the point of frog, 

the angle kll equal to 

the angle gof, is the 

Jrog angle, // being 

"tangent to the lead rail 
at /, and p f measured ' 
on the straight rail is 
the lead of the switch. 
In any given case, the 
track gauge pg \?- fixed. fm. st 

The required factors are as follows: Radius (R), frog 
(fl), frog number (m), frog distance or lead measured ( 
straight rail (i^), chord (c) of lead rail reaching from 



37, be 




angle 
Dn the 
point 
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of switch to point of frog. Table VIII gives the simple 

formulas expressing the values of each of the required ele- 
ments in terms of the track gauge ig-) and one other element, 
together with a few formulas expressing these values in terms 
of any two elements. 

66. The leiigih of the lead rail from the point of switch 
to the point of frog is found in any case by the formula, 
I - .t.-R (1) 



ISO 

The length of a switch rail s, depends on 
switch in inches, and the frog distance c 
track gauges, both in feet, and is found b; 

(2) 



he throw / of the 
lead d, and the 
the formula, 



"-i'ik 



67. Table IX gives the values of the several parts of a 
switch for frog numbers from 1 to 12 inclusive, for a track 
gauge of 3 feet. It will be observed that the lead of a stub 
switch is found by subtracting the length of the switch rail 
from the lead of a split switch, since in a stub switch the 
point of switch is moved toward the point of frog, a distance 
equal to the length of the switch rail, and the toe of the switch 
rail in this case is where the heel was formerly. All the 
dimensions are in feet, except the throw of the switch {t), 
which is in inches. 

68. Ijaylug; a Crossover Switch. — Fig. 38 shows a 




between the loaded track AB and the empty 
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track CD on a shaft bottom, or a parting or turnout in a 
mine. The crossover may consjst of two turnout curves 
AE and D F, which are usually, though not necessarily, of 
the same degree o£ curvature. Assume, as is usual in mine 
practice, that the turnout curves terminate at the points of 
frog between which the track EF is a tangent. It is 
important to locate the frogs in the two main tracks, at 
such a distance apart that the cross-over rails will be tangent 
to the turnout curves. To do. this, it is necessary to calcu- 
late the distance that one frog is ahead of the other, which is 
the distance ! x measured on the main track. This distance 
is expressed by the formula: 

. ( rf-^)cosa 



ix = 



sin a 



sm 6 



(1) 



for xy = {d — g) cos a, and xz = xy —g 

Example.— If the mine tracks have a gauge of 3 feet and are laJ^ij 
7 feet between centers, calculate the dimensions necessary to lay o 
cross-over switch between the tracks, using a No. 4 frog. 



-First calculate the frog angle as follows; 

!5; and a = 2 (7° 11') = \i° 22', and sin a 

ubatituting these and the given values 



1 



_ (7-3) .: 



.248 



.248 ■ 



3.51+ ft. Ans. 



The length of the chord c of the lead rail is found by the formula, 

c = 2 n^ = 2 X 4 X 3 = 24 ft. Ans. 

Fig. 38 is not platted to scale, nor for the dimensions given in thlaj 

problem. The radius Ji of the lead-rail curve is found by the formula, 

R = 2 n'g = 2 X 4" X 3 = 96 ft. Ans. 

The middle ordinate o for any length of chord c is given appro 

jnately by the formula. 



_ 24' 

8j? 8x9( 



= .75 ft.-, 






great, i 



For half [he length of chord, the middle ordinate is i a 
2i in. Ans. 

In locating crossover switches, regard should be had to 
the direction in which the cars move. The follower rail 
of a switch, opposite the point of frog, should be, say, i 
for each foot of gauge lower than the main track at the fro^ 
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point. The same is true for the unbroken rail of the main 
track opposite the frog. This will assist the cars on either 

track to clear the frog readily. 

69. Iiaylne a Tirrnout Switch.— rThe laying of a turn-.c:j 
L ont switch differs from the work of laying a crossover switclf^^ 

only in the fact th^_^ 
the two curves join a 
a common point ara 
form a single rever--»-~~™' 
curve, as shown _^ ■ 
Fig. 39. The f-^,/ 
lowing method ^f 

laying out a turnout switch is often used by trackmen^, ^^ 

it avoids the use of numerical calculations. In Fig. 39, ^^^.i 

represents the straight track anddce the tongue of the fro^sg. 

Line the straight leg of the frog with the line /g- of the aDa. in 

track and then stretch the string ic A 

so that it is tangent to the other 

lee ot tiie frog. If a stub switch is 

to be used, the point of the switch will 

be between / and /. The point /' is 

the point of curve and the distance 

ic should equal //; if it does not, f 

move the point of frog t until these i 

distances are equal, then c will be in 

its proper place. Place two stakes 

at / and m so that o! = gm = the 

required distance apart of the tracks; 

next stretch pieces of twine / m and 

ch and find the point of intersection 

w; then measure en and make np ^'°' *" 

equal to it, and then p will be the end of the reverse c 

jp of the turnout. The middle ordinate of the curve }-^'i$ 

one-half of ik and the middle ordinate of the curve t^ is 

one-half of n r. 

70. Another method of laying out a turnout switch ij 
shown in Fig. 40, where D represents the point of switch iq 
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(1) 



one rail o( the main track; O, the point of reverse curve; 
aad /■', the tangent point in the corresponding rail of the 
turnout. Drawing the radii .-l I? and BF through the point 
of switch D and the point of tangency /^, respectively, and 
joining the centers A and B by the line A B, the angle DA O 
is equal to the angle F B O. Calling this angle b and the 
distance between track centers d, we have 
. IR-d 

In this calculation, it is first necessary to find the radius Ji \ 
to be used with the given frog number n and the gauge g: 
■^hen, substituting this in formula (1), the angle d of cur- 
"^rature is found, or the angle subtended by the chords D O j 
<Dr OF. The total length of the switch ZJA". equal to 2 A, 1 
^Measured on the rail of the main track is then 
2i = 2J^ sin 6 (2) 

The total length / of the rail from the point of switch in 
the main track to the point of tangency in the turnout is i 
found by the formula. 



90 



(3) 



BxAMPLB. — Find the length of a turnout switch measured on the 
Hiain track, from the point of switch to a point opposite the switch in 
the turnout, when the distance between track centers is 8 feet, tfae 
track gauge 3 feet, aad using a No. 4 frog. 

Solution. — For the radius of curvature ia this case, we baVe 
^ = 2nV = 2X4' X 3 = 96 ft. Substituting this value in formula 1, 



6 = 16° 38'. Then, 2A = 2{B6 sin 16° 36') = 2(96 X .2857) = 54.85 ft. 
Finally, tor the length of rail from point of switch to point of tangency 
we have, 



~ X 3.1416 > 



= ~- X 301.5 



= 55.62 4 






71. Laying a Room or Stde-Enti-y Switch. — Assu- 
ming that the proper size of switch rails or latches and frogs, 
ties, and all material are where they are to be used, and 
having cleared the roadbed for the switch and the space 
between the ties of the main road, the first step 
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determine the position of the frog on the main track, 
frog is placed temporarily over the rail te. Fig. 41, ai the main 
track, in its approximate position. Keeping its straight 
wing in line with this rail, the frog is slid forwards or back 
on the rail until the track gauge held in position against the 
cross-wing />/ of the frog shows the proper clearance at the 
comer C at the mouth of the room or side entry. After 




marking on the main rail (c the exact position of the frog, 
it is laid to the side of the track. A good wide tie is now 
selected and slipped into position tmder the main track at 
this point. It is generally possible to avoid cutting the main 
rail ^ein more than one place. With this end in view, the 
straight switch raWbom is now laid in position over the main 
rail Ic, and the point of switch b is marked on the main rail, 
From this point, the distance is measured on the main rail 
toward / to the next rail joint. A long rait is now selected 
for the follower rail of the turnout, and bent to the proper 
radius after laying off the measured distance for the straight 
portion at the proper end of the rail, This end of the rail 
remains straight, the balance of the rail being curved. 
Measurement is then made from the point e marked by the 
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heel of the frog to the next rail joint in the main rail tc and 
a short length of rail selected for this place. If this length 
is only a few feet, it may be possible to find a long rail that 
will take the place of this short length and the next rail. 
Whenever moving the frog a few inches backwards or for- 
wards will save cutting the rails, this should be done. The 
lead switch rail is now laid temporarily in position, and the 
switch point a marked on the main rail rd. 

The switch bed is now prepared by slipping into position 
under the rails of the main track proper switch ties. These 
can generally be placed between the ties already in position, 
some of which may, however, have to be removed or shifted 
in their position to make room for the new ties. In some 
cases, all the raain-track ties are replaced by long switch ties 
extending under both tracks, but this is not the usual practice 
in laying a room switch. The main rail rd that is to remain 
unbroken should now be spiked to the switch ties. If a stub 
switch is to be used, proper provision must be made in this 
regard for the point of switch. The main track should remain 
imbroken, and the traffic should not be interrupted while lay- 
ing the switch ties. Everything is now ready for breaking 
the main rail tc. This is done by first breaking the joint 
inby from the point of frog. When this rail is removed, the 
short length of rail and the frog are placed in position. In 
like manner, the switch rail is next put in. having removed 
the main rails to make room for this and for the follower rail 
of the switch. The frog is now lined with the main rail tc 
and spiked to the switch ties, the short length of rail being, at 
the same time, spiked and bolted to the track rail and to the 
heel of the frog. The follower rail of the switch is next lined 
with the main rail ic and spiked to the ties near the point of 
switch, and coupled to the main rail at this end. The curved 
portion of the follower rail is then spiked to the switch ties, 
using the track gauge to obtain its proper position opposite 
the point o£ frog. An allowance of about i inch should 
always be made in the width of the track at the point of frog 
to give ample clearance. When the follower rail is thus laid 
in place, the straight switch rail bom'i& spiked in position in 
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^^^■the main track. If latches are used, these are temporary 
^^^V spiked so that the traffic mat;' be resumed on the main r^^fj 
^^H Having lined up the main rail / c across the switch, the l^^aj 
^^B rail of the switch is laid in place and spiked to the switch t±^ es, 
^^B using the track gauge to obtain the proper distance from iifae 
^H follower rail already in position. The work of laying the 
^H rails of the side track is then completed by laying the balance 
^B of the raits beyond the frog and extending them into thecham- 
^B ber. Where a switch stand is used, this is now placed in 
B position and spiked to the switch tie at the point of switcJi- 

■ When everything is in position, the tracks are leveled a*^^ 

■ the switch ties firmly tamped. An important point in \t^^ 
I laying of any switch is to elevate the frog slightly abo-^-^ 

' the opposite rails of the main track and the turnout. TEr^^^, ^ 

purpose of this is to throw the car against the opposite r; 
when crossing the frog, so that any loose wheels will n 
catch the point of frog in passing. The follower rail of 
switch leading to the dip, however, may be raised level wits 
the frog. 

72. Diamond Switch. — What is called a dlamo u ^ ^ J 
switch in trackwork is a double crossover, such as ^^ 

shown in Fig. 42 {a), {b), and (f). The laying out of a dfi^ ^^ 
mond switch is similar, as far as the calculation is concem^^ ^c5i 
to the laying out of a turnout switch. The distance betwe ^^s 
the opposite switch points measured on the straight rail is 
found in the same manner as the distance between the point <::>( 
switch and the point of tangency in the turnout, formula S) 
Art. 70. A simple method of laying out a diamond switcfi 
and one that is often used in mine work, especially where 
track room is limited, is as follows: 

Through a central point a. Fig. 42 («), midway between 
the two tracks, draw two straight lines at right angles to each 
other, each making an angle of 45° with the track rails, 
Extend these lines until each intersects lines drawn through 
the points of switch c„ c„ c, c, to which the latches corae, ii 
used, and at right angles to the track rails at these points, 
These intersecting points are the centers of the turnout 
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curves, and are marked dry ^., ^„ rf», respectively. Where 
the diagonal lines cross the inner rails of the two tracks, 
bxi ^«, bty ^4 are the main-rail frog points. 

It is evident that, in this construction, according to the 
distance between the track centers, the diamond-frog points, 
at each side of the diamond, will lie between the two tracks, 
as shown in Fig. 42 (^), or they will be coincident with 
the two inner rails of these tracks, as shown at (^), or they 
will lie within the track rails, as shown at (a). The position 
of these frog points depends on the length of the crossing or 
the distance between the opposite switch points measured on 
the main rail, as compared with the distance between the 
track centers. 

73. Precautions In liaying: a Turnout. — In laying 
out a siding or parting on the haulage way, a number of 
points must be- considered to insure the safety of the men 
and mules, if animal haulage is used; and also to enable the ^ 
trips to be handled speedily. Ample width must be given ^ 
to the turnout to allow the men and mules to pass between <^ 
the two tracks and also between the tracks and the ribs. "^ 
The parting should be of sufficient length to handle the ^ 
longest trip that is hauled in the mine, or where a single '^ 
track is used, the parting may sometimes be made long : 
enough for two trips going in one direction to wait while a ; 
third going in the opposite direction passes, although this is '- 
not an economical arrangement. All switches should be 
carefully laid so as to provide, as far as possible, against 
the cars getting off the track and thus delaying the entire 
haulage system. The roof above the turnout should be ^ 
thoroughly timbered in order to prevent falls of roof, which > 
would endanger the lives of the workmen and would inter- 
fere with the haulage. 
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